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PREFACE. 






This volume aims to present, in a simple form, for the purpose 
of the instruction of Naval Cadets, methods for the solution of 
C3 ' the various problems in Ballistics which are likely to be met 

with in Naval Gunnery Practice. 

For a more elaborate discussion of the motion of projectiles 
in a resisting medium, as well as for different methods for the 
v^ computing of trajectories, the reader is referred to such works 
V^ as those of Mayevski, Bashforth, Siacci, and the recent complete 

and valuable work of Captain James Ingalls, U. S. Artillery, 
whose works have been consulted in the preparation of the fol- 
lowing pages. 

Only one method for the complete solution of trajectories in 
air is here presented, on account of the limited time available 
for instruction at this institution in this branch, and also for the 
reason that the method selected will be found sufficiently accurate 
in practice for work with naval guns, while the labor of com- 
putation involved is very much less than is necessary for the 
same accuracy with many other methods. 

The method adopted is that due to Major Siacci, of the Italian 
Artillery, and the foundation for the analytical work has been 
taken from a translation of Siacci's publication by Professor W. 
^ W. Johnson, U. S. Naval Academy. 

\ The Ballistic Tables, computed by Lieut. Commander Inger- 

^ soil, are founded on Mayevski's discussion of Krupp*s experi- 

l ments at Meppen in 1881. The laws for the resistance of the 

^ air as deduced by Mayevski were published in the Revue d'Ar- 

tillerie, April, 1883, and appear in this book converted to English 

Jl units of weight and length. These equations are also to be found 

^ • in ** Exterior Ballistics," Captain James Ingalls, First U. S. Art., 

"^ page 29. 
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The projectiles used in Krupp^s experiments were of modern 
construction, three Calibres long, with ogival heads of two cali- 
bres radius, and fitted with a forced rotating band, giving smooth- 
ness of flight. These conditions corresponding very closely to 
modern practice, it is thought that a set of tables founded on 
such experience will give accurate results when the data for 
similar projectiles are used. These tables may be used, how- 
ever, when other conditions obtain, by using proper ballistic 
coefficients, as will be explained in the work. 

Numerous examples, taken mainly from Examination papers 
since 1887, have been added. 

The notes prepared from time to time in the Department of 
Ordnance and Gunnery have been embodied when applicable. 



Naval Academy, 

Dep't of Ordnance and Gunnery, 

July, 1893. 
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CHAPTER I. 

Definitions. — Ballistics is the science of the motion of projectiles, 
and Exterior Ballistics is that branch of the science which is con- 
cerned with their motion when outside the gun. 

As certain terms will be continually used in the discussion of this 
subject, their definitions are here given. 

The line of sight is a straight line passing through the two sight 
points ; in the act of firing, it also includes the target. 

The line of departure is the line in which the projectile is moving 
when it leaves the gun ; it is, therefore, the tangent at the muzzle of 
the gun to the curve described by the projectile. 

The axis of the bore is its geometrical axis, and is the line along 
which the centre of mass of the projectile should move while in the 
bore. 

The axis of the trunnions is their common geometrical axis, and 
in recent guns it intersects the axis of the bore at right angles. 

The angle of elevation is the angle included between the line of 
sight and the axis of the bore. 

The angle of jump is the vertical angle which the axis of the bore 
describes in the act of firing, and is due to want of perfect rigidity 
of gun and carriage. 

The angle of sight is the angle included between a line passing 
through the gun and target and the horizontal plane. 

The angle of departure is the algebraic sum of the angles of eleva- 
tion, jump and sight, or is the angle included between the line of 
departure and the horizontal plane. 

The angle of fall is the angle which a tangent to the trajectory at 
the first point of impact makes with the horizontal plane. 

The trajectory is the curve described by the projectile in passing 
from the muzzle of the piece to the first-point of impact. It is a 
curve of double curvature in the case of rifled guns, but is usually 
treated as a plane curve. 

The range is the distance measured in a straight line from the 
muzzle of the piece to the intersection of the trajectory with the line 
of sight. 
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The drift is the constant deflection of a projectile from the plane 
of departure (the vertical plane through the line of departure), due 
to the rotation imparted by the rifling of the piece. 

The. muzzle velocity or initial velocity of a projectile is its velocity 
on leaving the piece, and is usually denoted by the abbreviation 

Muzzle velocity is always measured in feet per second, abbreviated 
thus— ''f. s/' 

The remaining velocity of a projectile is its velocity at any given 
point of its trajectory. The remaining velocity must, in all cases, 
be less than the muzzle velocity, owing to the resistance of the air. 

The striking velocity of a projectile is the velocity which it has 
on impact. 

The horizontal velocity of a projectile is its velocity at any point 
resolved in a horizontal direction. 

The vertical velocity of a projectile is its velocity at any point 
resolved in a vertical direction. 

Thus, if V be the velocity of a projectile moving at an angle a 
to the horizon. 

Horizontal velocity = F cos a. 
Vertical velocity =' Fsin a. 

Gravity is that force (caused by the attraction of the earth) 
which continually decreases the vertical velocity of the projectile in 
its ascending path and then brings the projectile to rest in a vertical 
direction. Gravity then causes it to descend, and continually in- 
creases its descending vertical velocity till it strikes the ground. 




Thus if or be the line of departure, a the angle of departure, and 
V the muzzle velocity of a projectile, its ascending vertical velocity 

will be 

F sin a ; 

or if F=65o f.s., and a=3o, 

ascending vertical velocity = 650 X J == 3 2 5 f. s. 
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Gravity, and retardation due to the resistance of the air, combine 
to bring the projectile to rest at some point, A, if it were projected 
vertically upwards; but owing to the horizontal velocity of the pro- 
jectile, it will have moved on at the same time to the point P, which 
is called the vertex, or maxirhum height^ of the trajectory. Then the 
projectile commences to fall, and acquires a descending vertical veloc- 
ity (under the influence of gravity less the retardation due to the 
resistance of the air), which gradually increases till the projectile 
strikes the ground. The horizontal velocity meanwhile has carried 
the projectile to the point B, 

The Theory of the Sight Bar. — This theory, a knowledge of 
which is most essential, will also be presented here. There are 
several methods of laying guns so that the projectile will hit any 
desired point ; but in our navy one way is adopted to the almost 
entire exclusion of all others. It consists in so marking the sight 
bar that the distance of the target to be hit being known, the bar 
may be set at that distance ; then, when the breech of the gun is 
raised or lowered so that the line of sight includes the target, the 
axis of the bore is set at the correct angle for the projectile to hit 
the target. 

In all investigations concerning the sight bar, it is permissible to 
neglect the dimensions of the gun when compared with the range 
of the projectile and its deflection (the distance it goes to the right 
or left) ; the results thus reached will, for practical purposes, be cor- 
rect. For example : we may consider that the sights when the bar 
is down are in the axis of the bore, and may consider the range to 
be measured from the front, or rear sight, indifferently. 

If a sight bar be correctly marked to hit a point at some assigned 
distance from the gun, it is evident that this mark will not enable 
us to hit whatever be the vertical position of the point ; in other 
words, we cannot hit any desired point of a vertical circle described 
about the gun with the range as radius ; for the present, then, the 
position of the point to be hit will be restricted to the horizontal 
plane through the gifti. 

When a sight bar is to be marked, the given quantities are the 
distance between sights, AB ; the angle of elevation, SAT or CAB ; 
the range, AT; and the deflection, 7^'. In the figure let BAS 
represent the axis of the bore prolonged, and CAT, in the same 
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vertical plane, the line of sight, A and C being the two sight points, 
and CB or C B the sight bar. Suppose that the projectile falls at 




T , having been deviated from the plane ATS by TT^ ) draw 
T'AC , and from the point Cdraw CC at right angles to the plane 
ATS) then, if CAT' had been the line of sight, the point seen 
would have been the point struck. C is consequently the proper 
position for the sight notch. 

The distance TT' is the drift, for the range AT, due to the rifling ; 
amd if the drift was proportional to the range it would only be neces- 
sary to set the sight notch at a fixed distance towards C from C to 
correct the drift for any range, the muzzle velocity being constant ; 
but the drift is not proportional to the range, as has been found by 
trial. The sight bar in most guns is, therefore, placed in the rear 
sight box at an angle with the vertical plane through the two sight 
points, the angle / in the figure, and when the bar is set for a given 
range the sight notch C moves to such a distance from C as will 
correct the drift for the given range. 

The angle / is called the permanent angle. In the figure 
let TT=d, AT=R, CC'=k, BC=h, BC=ff, AB = l, 
CAB=^a = SAT The distance / is called the sight radius. 

Then, since in most guns the three faces which we see of the 
tetrahedron ABCC are right angled at B and C, we have 



BC h ^ , 
tan o. = ~——=^—- ,\ h^=l tan a, 
BA I 

CC k 
tan /=— -— =-r- .•. k = h tan /=/tan a tan /, 



(I) 



(0 
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II 



tan 8 = 



CC 
~CA 

tan? 



tan / = -: =— - 

sin a Ic 



I sec a li ' 
d 



cosec a, 



H=^h sec i=/ t3in a sec / 



(3) 
(4) 



To recollect the above figure, it is convenient to remark that it 
consists of two triangular pyramids with their vertices coincident, 
formed by the lines CT, C T\ BS, and. that the planes of their 
bases when prolonged downward will intersect at the angle a. 

The deviations of the projectile to the right or left of the plane 
of fire, due to motion of the gun and target and to the effect of the 
wind, are compensated by a sliding leaf attached to the head of the 
rear sight bar, which can be moved to the right or left, and which 
contains the rear sight notch. The method of computing the amount 
of the lateral deviations due to the influence of the wind and to the 
motion of gun and target will be explained in a subsequent chapter, 
but if the lateral deviation due to these causes combined is given, 
evidently by similar triangles, the range being known, the distance 
the rear sight notch must be moved laterally to compensate for 
the given amount of lateral deviation can be determined. Thus, in 
the following figure, if AB is the lateral deviation from the point A^ 




which it is desired to hit, due to the combined action of the wind 
and to the motion of the gun and target ; and if with the sight notch 
at Cthe gun is pointed at A, the projectile will fall at B \ if, how- 
ever CE had been computed from the similar triangles jSOCand 
OABy the sight notch moved to the point E^ and the gun trained so 
that the new line of sight EOB coincides with CO A, then the axis 
of the bore will project in the line E^ 0B\ and the projectile will 
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fall at the point Ay as desired. The general rule for setting the rear 
notch to compensate for lateral deviations is to move the notch in the 
direction it is desired the shot should go. 

Examples. 

1. The range of an 8-inch M. L. R. projectile, with an I. V. of 
1450 f. s. on a horizontal plane through the gun, for an angle of 
departure of 3° 44', is 2000 yards. The jump angle is + 28', and the 
drift or deviation to the right due to right-handed rifling is 3^ yards. 
The distance between sights being 44.5", what is the permanent 
angle for the sight bar to correct for drift, and what distance should 
be set off on the bar for the 2000 yards mark? 

Ans, i= 1° 50' 30". 
2.54 . 

2. With the present service charge, a projectile which leaves the 
60-pdr. B. L. R. gun at an angle of departure of 2° 42' will range 
1000 yards on the horizontal plane through the gun. It is required 
to write down an expression which will fix the position of the 1000 
yards mark on the sight bar of the gun, assigning letters to repre- 
sent the values of the quantities which would ordinarily be required. 

3. With an angle of departure of 2° 42' the 60-pdr. B. L. R. 
projectile ranges 1000 yards on the horizontal plane through the 
gun in 2.72". The angle of jump is -\- 27', radius of gun 39.33"? 
and the rear sight is set at right angles to the axis of the bore and 
vertical ; if this gun is to be fired at an object 1000 yards distant in 
its horizontal plane, while moving at a speed of 10 knots per hour 
in a direction at right angles to the line drawn from it to the target, 
and if the projectile retains the velocity of the gun during flight, 
determine the correct position of the rear sight notch, both laterally 
and vertically. Ans, vert. 1.545". 

hor. 0.5943". 

4. An 8-inch rifled projectile leaves the gun at an angle of 
departure of 6°, and ranges 2300 yards on a horizontal plane through 
the gun. The radius of the gun is 44.5", jump-]- 36', permanent 
angle 1° 50' to the left. If, however, the sight bar was not set at a 
permanent angle, how much should the sliding leaf notch be moved 
horizontally to allow for the drift at the above range, and in which 
direction ? What is the sight bar height for the above range ? 

Ans. 0.1346" to left. 
H = 4.2086". 
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5. The radius of a gun is 50 inches, and a projectile which leaves 
the gun at an angle of departure of 5*^, the angle of sight being 
— 15' and the jump 1°, falls at a distance of 1500 yards on a plane 
through the point of fall and the gun, and the deviation to the right 
due to rifling is 10 yards. What is the permanent angle for this 
gun and the sight bar height for 1500 yards when the bar is set at 
the permanent angle? Ans. /=5° 8' 27". 

H = 3.734". 

6. The angle of departure for the 60-pdr. M. L. R. for 1900 
yards on a horizontal plane through the gun is 4° 27', radius of gun 
39.33", angle of jump -f- 27', permanent angle 1*^24' to the left. 
What is the distance on the sight bar of the 1900 yards mark from 
the origin ? What is the drift at this range ? 

Ans, Drift = 3. 24 yards. 
Distance = 2.753". 

7. An 8" shell, weight 250 lbs., is fired with an initial velocity 
of 1700 f. s., and an angle of departure of 2° 12'. The jump is 
+ 10', the radius of the gun 81.44" and the permanent angle 1° 
50'. The range on the horizontal plane through the gun is 2000 
yds. Find the height of the sight bar in inches. 

Ans. 11 = 2.8929". 

8. The sight radius of a 6" B. L. R. is 60.45", weight of projec- 
tile 100 lbs., I. V. 2000 f. s., and the angle of departure for a hori- 
zontal range of 2000 yds. is 1° 41'. The jump angle is + 10', the 
time of flight 3.5". Find the height at which the sight bar should 
be marked for the above range, and the distance and direction in 
which the sliding leaf should be moved in case the target and gun 
are moving in opposite directions, perpendicular to the line of fire, 
each with a speed of 15 knots (i knot = 6000 ft.). 

Ans, H=: 1.6006." 
Leaf 1.763" left. 

9. The sliding leaf of the 6" B. L. R., mark III, is marked in 
knots, right and left of the zero point, and the mark 20 is 1.17" 
from zero. The radius of the gun is 66.81". Your vessel and the 
enemy's are passing each other on opposite courses at a distance of 
2000 yards, each vessel making 10 knots (i k. =6000 ft.). Hbw 
should the leaf be moved and set ? The gun being perfectly pointed 
at the water line abreast the mainmast, where will the shot hit"^ 
The time of flight for 2000 yds. is 3.5*. Ans, 12' abaft the mast. 
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lo. The mean deviation of the 8" B. L. R., I. V. 1700 f. s., at a 
range of 3000 yds., angle of departure 3*^ 35', is 4 yds. right. The 
radius of the gun is 85.66", jump o. Determine the permanent 
angle to compensate this drift at the given range. 

Ans. i= 1° 13' 20". 



11. A 6" shell is fired with an I. V. of 2000 f. s. The angle 
of departure is 2° 13', the range 2500 yds., drift 3 yds. to the right, 
jump + 10', and the radius of the gun is 60.543". Determine the 
permanent angle to correct this drift and the height of the sight 
bar, when set as this angle, for the given range. 

Ans. /= 1° 55'. 
H = 2.i683". 

12. The rear sight of the 8" B. L. R., mark* III, is placed upon 
the gun in such a manner that when it is set at level and the sliding 
leaf at o, the middle point of the sight notch is 0.2" to the left of 
the vertical plane which passes through the front sight point and is 
parallel to the axis of the bore. In addition, the bar is inclined to 
the left by the permanent angle of 45'; the sight radius is 94.25". 
Find what lateral deviation is compensated by this arrangement when 
the bar is set for a range of 2000 yds., the angle of elevation for 
which is 2° 15'. Ans. 5.269 yds. 

13. To allow for the speed of the target, the sliding leaf of the 
. 6" B. L. R., mark III, is marked in knots. A vessel is passing at 

the rate of 22 knots (i k. = 2000 yds.), at a distance of 2000 yds., 
for which the time of flight is 3.5'. The mark 22 knots on the leaf 
is 1.3" from zero and the distance between sights is 66.81". If 
the gun is perfectly pointed at the enemy's mainmast how far 
forward or abaft will the shell strike ? Ans. 4 yds. abaft. 

14. The rear sight of the 6" B. L. R., mark III, is placed upon 
the gun in' such a manner that when it is set at level and the sliding 
leaf at o, the sight notch is 0.187" to the left of the vertical plane 
which passes through the front sight point and is parallel to the axis 
of the bore. In addition to being set to the left, the bar is inclined 
to the left by a permanent angle of 0° 54'; the distance between 
sights is 66.81". Find what lateral deviation is compensated by 
this arrangement at a range of 2000 yds., the angle of elevation for 
which is 1° 48' 10". Ans, 19.755 feet. 
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15. A 6" B. L. R., mounted 24 ft. above the water, is fired for 

range with an angle of departure of 1° 30', and the shell rtrikes the 

water at a distance of 2000 yds. from the gun. The jump + 10', 

radius of gun 65", what is the vertical height of the sight bar for 

2000 yds. ? The drift being 10 yds. to the right and the rear sight 

vertical, what distance and in what direction must the sliding leaf 

be moved to correct for this drift ? 

Ans, 0.325" to the left. 

16. An 8" shell, weight 250 lbs., is fired with an initial velocity 
of 1700 f. s. and an angle of departure of 2° 12'; the jump + 10', 
radius of the gun 81.44", and the permanent angle 1° 50'; the 
range on the horizontal plane through the gun is 2000 yds. Find 
the height of sight bar in inches. Ans, H; 2.893. 

17. Given for the Hotchkiss 6-pdr. R. F. gun, range 2000 yds., 
angle of elevation 2° 46', drift 3.37 yds. right, radius of gun 37.16"; 
determine the permanent angle to correct the given drift and the 
height of sight bar when fixed at this angle for the given range. 

Ans, i\ 2°. 

H; 1.797". 

18. The rear sight of the 5" B. L. R. is placed upon the gun in 

such a manner that when set at level, and the sliding leaf at o, the 

rear sight notch is 0.14" to the left of the vertical plane through the 

front sight point and parallel to the axis of the bore. The rear 

sight bar is also inclined to the left by the permanent angle of 45'. 

The sight radius of the gun is 48.75". Find what lateral deviation 

is compensated by this arrangement for a range of 4500 yds., for 

which the angle of elevation is 5° 23'. 

Ans. 18.39 y^s. 

The Determination of the Angle of Jump. — The vertical 
jangle which the axis of the bore describes in the act of firing, due to 
straining and slackness of the gun and carriage, is called the jump. 
It may sometimes happen that there is also a horizontal angle of 
jump due to the same cause. The jump angles are carefully deter- 
mined by experiment at proving grounds for each gun and carriage 
in the following manner : A screen of light material is put in front of 
the gun at a distance of from 15 to 50 yards, depending upon the 
size of the gun, far enough to be uninjured by the blast of discharge, 
and a point is marked on the screen in which the axis of the bore 



1 6 EXTERIOR BALLISTICS. 

intersects it. The screen is usually of blotting paper, as it has been 
found that this material gives a clean hole the size of the cross sec- 
tion of the projectile. The point on the screen is determined by 
sighting through the bore by means of discs of wood or metal placed 
in the bore, the one at the breech with a pin-hole at its centre, and 
the one at the muzzle with cross wires. 

If, then, X a.ndy are the horizontal and vertical coordinates of the 
centre of the hole the shot makes in the screen referred to at this 
point, r the angle of jump, and d the distance of the screen from the 
muzzle, we have, approximately, 

tanr=4-+— 2^ 
since d=vt nearly, v being the initial velocity, and j = J^/*. 

X 

The lateral jump angle is evidently tan"^ — . A number of such 

determinations should be made, since the methods available are 
obviously inaccurate. 

Examples. 

1. A B. L. R, gun is laid level by a gunner's quadrant and fired at 
a screen distant loo feet from the muzzle of the gun ; the shot has a 
velocity of looo f. s. ; the centre of the hole made by the shot is- 
found by measurement to be 2 inches above the prolongation of the 
axis of the bore before firing. What is the Jump of this gun? 

Ans. ii' 18", 

2. A 3-inch B. L. R. gun is sighted by means of a line of sight in 
the axis of the bore at a point on a vertical screen distant 50 feet 
from the muzzle. The gun being fired, I. V. = 1000 f. s., it is found 
that the point of the projectile hit the point aimed at. What is the 

jump of this gun ? Ans, 2' 45". 

3. To determine the jump of the 6-inch B. L. R., 
I. V. 2000 f. s., on the central pivot carriage, a screen 

Q"T' made of heavy blotting paper was placed 100 ft. from 
e" the muzzle and the axis of the gun accurately pointed 
at the intersection of the dotted lines shown in the 
figure. The lowest point of the circumference of the 
shot hole was found to be 6" below the horizontal line : find the 
jump. Ans, j=z — f 12" 
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4. The 8-inch B. L. R., mark III, was sighted by cross wires in 
the bore and fired with I. V. 1700 f. s. at a point on a screen 100 
feet from the muzzle ; the jump was found to be o, where with re- 
spect to the point aimed at did the point of the projectile strike ? 

Ans, 6.77" below. 

5. To determine the jump of the 6-inch B. L. R., I. V. 2000 f. s., 
the gun was fired at a screen 100 feet distant from the muzzle. The 
point of the shell pierced the screen 0.9" above the point at which 
the axis of the bore was directed. Find the jump. 

Ans. j=^' . 



CHAPTER II. 



The Motion of Projectiles in a Non-Resisting Medium. 

General Equation. — The resistance of the air to the motion of 
projectiles moving at ordinary velocities is so great that numerical 
results reached by considering their motion unresisted can seldom 
be applied in practice, but a correct understanding of the problems 
which arise is greatly aided by the facility acquired by the study of 
this comparatively simple case. It will in all cases be assumed that 
the only force acting upon the projectile during flight is that of gravity, 
and that this acts parallel to the vertical direction, at the gun. The 
motion of the centre of mass of the projectile will therefore be con- 
fined to the vertical plane containing the gun and target. 




Take the axis of X through the gun at O and target at T', and 
that of Fat right angles to it, as shown in the diagram ; let OHht 
the trace of the horizontal plane through the gun. Then, in the 
figure, OV'i^ the direction of the axis of the bore, OT the line of 
sight, a the angle of projection, and s the angle of sight. The equa- 
tions of motion are evidently, in the hypothesis assumed, 

I (I) 

= — g .cos J ) 



df' 
dy 



dt 
Integrating, and determining the constants by assuming that the shot 
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is projected with a velocity V in the direction making an angle a with 
the axis of X, and taking the origin of time at the origin of motion, 
we have 

--T- = — gi, sin s-\' Fcos a 
= — gf . cos s-\' V sm a 



Integrating again, we have, since x, y, and / are zero together, 

^^F/cosa — ^^/*.sinj) 

j;=F/sin a— i^/^cos j;) ^^^ 

Multiplying the first and second of (3) by cos s and sin s respectively, 
and subtracting, we find for /, 

x.coss — y.sin s . 

Fcos(aH-j) '' ^^^ 

and by substituting this value in the first of (3) , 

^.cosj — v.sinj jp" • sin J r^ . cos J — y.sinj"!* , ^ 

^ = COSa. , , . ; jy Y^^ — \— • (5) 

COS (a + j) 2 L KCOS (a + j) J ^^' 

In this expression, putting ^ = o, we find jc==o, and 

^ ro«o.« 2^' sina.COs(a + j) 

:x: = range = . ^j . (6) 

° g cos^ s ^ ' 

The equation to the curve described by the projectile, with the 
assumed origin and axes, is (5) ; it is evidently a parabola. The time 
of flight and range for any values of F, a, and j, may be found from 
(4) and (6). The formulae are, however, greatly simplified by 
assuming that the gun and target are in the same horizontal plane ; 
we have then, putting ^- = 0, 

x=^Vt , cos a. \ . 

y=Vt.sxvia-\gt'\ ^^^ 

whence the equation to the trajectory is 

j/ = ^.tana Y^ —, (8) 

2V^ COS 'a ^ ' 

It is to be observed, however, that this is only a particular case. 

Range. — Let -^ orange on the horizontal plane through the gun; 
then from (8), 

R= .sin 2a; (9) 

o 
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therefore, for any given value of V^ the range is a maximum when 
a =45°. Equation (9) also shows that there are two values of a 
which are the complements of each other with which the point may 
be hit. 

Time of Flight. — We also have from the first of (7), and 
obviously, since the velocity in X is constant when j=o, 

7*== time of flight -=7 . (10) 

V. cos a ^ ' 

The Inclination of the Curve at any Point, 

-^ =tana — ^ 



dx V^,Q,Q^ a ' 

dy 
by putting -^ = in this equation, we find the abscissa of the 

highest point of the curve; and by putting x = Ry we find, calling 
P the angle between the tangent to the curve and the axis of X at 
that point, or the angle of fall, 

tan )3= — tana. (11) 

It is evident that the constants V and a may be so determined in 
(8) as to pass the trajectory through two points whose coordinates 
are given with reference to the gun. Let the points be («i, b^ and 
(«a> ^3) '- then we have from (8), 



di=a^ tan a — 



^2=^2. tana- 



2F^C0S^ a 



g^ 



2 F* . COS^ a 



Therefore, 



for, ' ^^ ^^ 

tan a = 



tan a 



a^ 2F*.cos^a 



a^ 2 V^ cos* a 



Dividing these, member by member, and writing — ^=tan s^ and 



A 



= tan Ja, we have 



tan a= . \^2) 



tf « — tf 1 - { 
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Also, 

cos a ^ 2 tan Ji — tan J, ^ ^' 

Ratio of Range on an Inclined Line to the Range on a 
Horizontal Line. — In the theorem just proved, it is to be noticed 
that the angle a is not the angle of elevation ; and in order to inves- 
tigate generally the subject of fire at objects which are not in the 
same horizontal plane with the gun, we shall resume equations (6) 
and (9) ; calling r the range on any inclined line : these are 

2V^ sin a . cos (a + ^) 

g cos^ s 

and I^ = . sin a . cos a . 

From these, in which a is the angle of elevation as it is always 
measured in practice, we have 

r cos (a + j) 



jR cos a . cos^ s 



(14) 



By comparing (i) with the form to which it reduces when s = o, 
it is apparent that if, with a constant value of a, s increases slightly 
from o, the range will diminish (since there will be a small retarda- 
tion along X) ; as, however, while (g sin s) increases, (g cos s) 
diminishes, the range may, and does, subsequently increase and pass 
through the value it had when s=o. For negative values of s, 
(i) shows, when properly changed, that we shall always shoot over. 
In (14), let a=i° and j= successively 1°, 2°, 2 J° ; we find 



jR 



99999, 1. 0000, 1. 0001 



From (14), 



-— =sec s (i — tan a. tan s). 



Put — 5-=i, tan j=«, tan a = £z; then 

i=(i+«')* (i — ^«). (15) 

This is an equation of condition, which must be satisfied in order 
thatr=^. 
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To trace its locus, square, by which we introduce the roots of 
r== — R\ then we have 

c^t^ — 2au^ -^^ c^u -\' u — 2£Z = o. (i6) 




The locus is of the form shown : it passes through the origin at 
an inclination tan~^ J, and the maximum point is given by « = 
zb 1.27202 and a==±:. 30028. The similar branches in the third 
quadrant are not shown. 

If now we assign any value to u (tan j), it is evident that there is 
one value of a for which r = R. The upper branch of the curve 
will be found to correspond with those values fbr which r^ — R, 
It is also apparent, from the inclination of the curve at the origin,, 
that for very small angles r = Ry when 2a = u or 2a = j. Con- 
versely, for any assigned value of a (tan a) less than .300282 (or 
a=i6*^ 42' 50"), there are two inclinations of the plane for which 
r=R. 

For example, if « = .io, whence a = 5. 7 about; 

« = .2i6, 8.880, 10. 911 about; 
whence )3= 12. 2*", 83.5°, 84.8° '' 
By adding the last to 5.7°, we exceed 90°; this root, therefore,, 
gives r = — R, 

The Rigidity of tbe Trajectory.— From (14) it follows that, 
for small angles, the error resulting from using on an incline a sight 
bar which has been marked for use on a horizontal plane is not 
great, and in practice the assumption is frequently made that for 
small angles the range on any line is independent of its inclination 
to the horizontal. This is called the assumption of the Rigidity of 
the Trajectory, and consists, evidently, in assuming that the gun, 
trajectory, and line of sight — a chord — may be rotated through a 
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vertical angle without change of form. To insert this assumption 
analytically, we have merely to suppose, inequation (8), that the 
axes and trajectory may be turned through a small vertical angle 
without change of form. Of course this assumption violates the 
hypothesis upon which that equation rests. The assumption that 
the trajectory is rigid so nearly represents the truth when the angles 
are small, and is so convenient, that it is always adopted in practice, 
and although the conclusion is deduced from the motion of project- 
iles in a non-resisting medium, the assumption will hold good 
within reasonable limits in the case of projectiles moving in a resist- 
ing medium. 

The trajectory is assumed rigid in practice whenever a sight bar 
which has been marked for a gun at a certain height above the water 
is used when the height of the gun is changed, and also when the 
same sight bar is used to point at objects differing in vertical 
position. 

Examples. 

1. A gun is pointed at an angle of elevation of i° i6' 31" above 
a line whose inclination is 45° ; the muzzle velocity being 150 f. s., 
show that the time of flight is 2.93" and the range on the incline 
1434.2 yards. 

2. A shot being projected at the same velocity as in Example i, 
and at an angle of elevation of 1° 16' 31" above a horizontal line; 
show that the time of flight is 0.207" ^^^ ^^^ range on this line 1036 
yards. 

3. The horizontal range of a projectile is 1000 ft. and the time 
of flight is 1 5 seconds. Required the angle of elevation, velocity 
of projection, and greatest altitude. Ans. a = 'j4.^ 34'. 

Z;=i=250.29 ft. 

^=905.29 ft. 

4. Find the velocity and angle of elevation of a ball that it may 
be 100 ft. above the ground at the distance of one quarter of a mile, 
and may strike the ground at the distance of one mile. 

Ans, tf = 5° 46' 05". 
z;:=92i.566ft. 

5. What must be the angle of elevation of a body in order that 
the horizontal range may be equal to three times th6 greatest alti- 
tude? What, that the range may be equal to the altitude? 
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6. A body is projected at an angle of departure of 60°, with a 
velocity of 150 f. s. ; find the coordinates of its position, the direc- 
tion of its motion, and velocity at the end of 5 seconds. 

Ans. ^=375. 
F= 247.4'. 

i8=i57°35'. 
F=8i.i9 f. s. 

7. A body is projected from the top of a tower 200 ft. high, at an 
angle of departure of 60°, with a velocity of 50 ft. ; find the range 
on the horizontal plane passing through the foot of the tower, and 
the time of flight. Ans, ^^=128'. 

8. At what elevation must a shot be fired with a velocity of 400 
ft. that it may range 2500 yards on a plane which descends at an 
angle of 30°? Ans. 72° 20'. 

9. A 1 2 -inch R. mortar shell, weighing 610 lbs., was fired at the 
Army O. P. G. at Sandy Hook, with an I. V. of 591 f. s. and an 
angle of departure of 73°. The observed range was 1939 yds. and 
the time of flight ^i^*. Show what approximation can be made to 
these observed results by neglecting the resistance of the air ; what 
is the greatest altitude of the projectile. Ans. ^ = 2022 yds. 

^=35. I^ 

^ = 4960 ft. 

10. What is the maximum height that could be attained by the 
projectile as described in the preceding example, with the given 
velocity, the resistance of the air being neglected, and at what 
elevation? Ans. 90°. 

5424 ft. 

Find the maximum range in vacuo of a projectile, having an 
initial velocity of 322 f. s., the ordinate of the vertex of the 
trajectory, and the time of flight. Use natural functions of a 
and give results in feet. Ans. ^ = 3220 ft. 

r= 101/2 ft. 
F=8o5 ft. 



CHAPTER III. 

The Resistance of the Air. 

Harly Experiments. — The resistance of the air to projectiles^ 
moving in it with high velocities has long been known to be very 
considerable, and many attempts have been made to find a law which 
would account for the results obtained in practice. 

Robins' experiments in 1742 are the first recorded attempts to 
obtain such a law, and were made by firing spherical bullets of lead 
from a small-arm and using a ballistic pendulum. 

The following general statements were deduced : 

(i) That for a velocity of the projectile not exceeding iioo f. s., 
the resistance of the air varied as the square of the velocity, 

(2) That at the velocity of 1 100 f. s. (nearly the same as that with 
which sound is propagated through the air), this law of the resistance 
changed, 

(3) That if the velocity exceeds 1 100 f. s., then the absolute quan- 
tity of that resistance for the greatervelocities was nearly three times 
as great as it should be by a comparison with the lower velocities.* 

Hutton in 1790 made experiments with guns firing large spherical 
iron projectiles, and an improved ballistic pendulum, and from them 
deduced the law that if q denote the resistance of the air, and v the 

velocity of the projectile, 

q^av -\- bv^i 

where a and b were constants determined by experiment. 

General Didion, of the French army, in 1840 conducted a series 
of experiments at Metz, and proposed the following, which also con- 
sisted of two terms, the notation being the same as in the preceding, 

q oc .027 (tP' -j- .0023 zr^). 

This formula not having proved entirely satisfactory, a further series 
of experiments was made at Metz, in 1857, by Captain Welter (Pro- 
fessor in the School of Practical Artillery and Engineering), using an 
electro-ballistic pendulum. His conclusion was that the resistance 

♦Robins' " Tracts on Qunnery," by Hutton, p. i8i. 
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of the air to spherical projectiles moving with high velocities was 
simply proportional to the cube of the velocity ; or, q oc v^. 

In 1860-1, at Gavre, experiments were made with ogival-headed 
elongated projectiles, by Prof Helie, of the French School of Naval 
Gunnery, from which he came to the conclusion that the resistance 
of the air was proportional to the cube of the velocity, at least as long 
as the axis of the projectile did not deviate much from the tangent to 
the trajectory described by the centre of mass.* 

Bashforth*s Experiments. — From 1865 to 1870, and again in 
1878-80, series of most valuable experiments were carried on in 
England by Prof. Bashforth, with spherical and ogival-headed pro- 
jectiles, by means of his clock chronograph. The results showed 
that the resistance varies as follows : 

For velocities between 900 and iioo f. s. . . ^ oc z/®, approximately. 
<< '* '' HOC ** 1350 ** . . ^oc z;* '« 

** *' above 1350 f. s qozv^ " 

It was also found that the resistance of the 2iiT for the same velocity 
and the same form of projectile, but of different calibres, varies 
exactly as the square of the diameter of the projectile. If the pro- 
jectile presents a pointed head toward the opposing air, the resistance 
is less than if it is flat ; according to Bashforth' s experiments we may 
say, that if the resistance to a hemispherical head be taken as unity, 
the value of the resistance for different shaped heads, the projectiles 
having the same diameter and weight and the same velocity, is as 
follows : 

1. Hemispherical head, . . . . .1. 

2. Hemispheroidal head, .... 0.7848 

3. Ogival head, radius i calibre, . . . 0.8253 

4. Ogival head, radius 2 calibres, . . . 0.7840 

5. Flathead, . . . . . . .1.5122 

The ogival-headed projectiles used by Prof. Bashforth were one 
and one-half calibres radius, however, and in his earlier experiments 
studded projectiles were used. 

Variation in the density of the air causes variation in the resistance, 
and it is assumed that it varies directly as the density. 

Numerous formulas have been proposed to express the law of the 

♦ •• Traits de Balistique Experimentale, " H61ie, 1865. 
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resistance of the air, but it has been found to be very difficult to 
represent it as a simple continuous function which will admit of inte- 
gration, hence it becomes convenient to assume that the resistance of 
the air varies as some power or function/ (z/) of the velocity ; the 
form of the function changing between certain limits of the velocity 
as found by experiment. A coefficient A is also introduced which 
is constant between the assumed limits and depends upon the form 
of the projectile. 

The Resistance. — From what has before been stated we may 
conclude, then, that the resistance of the air may be expressed in 
mathematical symbols by 

q= — 4f(p) ^^ ll^s. avoirdupois, (i) 

o 

in which d is the diameter of the projectile in inches, and v the 
velocity in feet per second ; -4 is a very small decimal, usually ; g 
appears in the denominator in order to reduce ** absolute'* to 
ordinary gravitation units. ' 

The Retardation. — The effect of the resistance of the air is to 
cause retardation in velocity, and the amount of retardation is known 
from the elementary law in dynamics, 

w gq 

r = ^, whence r = — ^^, (2) 

g w . ^ ' 

w 

■— being the mass of the projectile. Combining (i) and (2) we have 

^ = ~^/(^h (3) 

which is the rate of the loss of velocity in feet per second caused by 
the resistance q in pounds. 

From (i) it is seen that the resistance of the air is independent of 
the 2£^^/;^>^/ of the projectile; but the retardation is inversely as the 
weight ; hence with projectiles of the same diameter but of different 
weights, the resistances are equal for the same initial velocity, but 
the retardation is less for the heavier one. 

Mayevski's Equations for the Retardation.*— In 1881 ex- 
tensive experiments were made by Krupp, at Meppen, with projectiles 

♦ Revue d'Artillerie, April, 1883. 
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of varied calibre, but of nearly the same form — viz., three calibres in 
length, and with ogival heads of two calibres radius. These project- 
iles were also fitted with forced rotating bands, insuring smoothness 
and steadiness of flight. General Mayevski published in 1883* his 
deductions from Krupp's experiments j and which, since they are 
founded on experience with modern projectiles, will be used as the 
standard in this volume. 

They are, reduced to English units of length and weight, as 
follows, for a standard density of the air, in which r= retardation 
or negative acceleration : 

2800 ft.>z'> 1375 ft. : 
r= — Av^] log -4 = 6. II 9243 7 — 10. 

1375 ft.>z'>i230 ft. : 

r= — A^v^'y log -4, = 2.08088215 — 10. 

1230 >z/> 970 ft. : 

r= — A^7^\ log -43 = 6.8018436 — 20. 
w 

970 ft.>z/>- 790 ft. : 

r = —A^v^\ log ^3=2. 7734232 — 10. 
w 

790 ft.>z/>o ft. : 

, .=^^,.Mog^.=s.66987SS-xo. 

w 

To Determine the Resistance Experimentally.— If a pro- 
jectile be fired from a gun, with the axis of the bore set so that the 
path of the projectile as it leaves the muzzle will be horizontal, for a 
short distance the path described by the projectile may be considered, 
without material error, a horizontal right line. The loss of velocity 
over this short distance may then be considered as due alone to the 
resistance of the air, since the only other force, gravity, which acts 
on the projectile, may be neglected, as its action is at right angles 
to the path of the projectile. 

Knowing the velocities z^i and v^ at two points of the same trajec- 
tory, measured by chronograph, at a distance / apart, the mean 

♦ Revue d'Artillerie, April, 1883. 
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resistance q for this short portion of the path of the projectile is 
determined from the formula 



^ ^gi^ ' '" (4) 

q/= loss of energy, 

being the energy of the projectile when the velocity, is v f. s., 

w being the weight in pounds, and g the acceleration of gravity. 

This resistance can be considered as corresponding to a velocity 
intermediate between Vi and v^ , say to their arithmetical mean, or 

' = V; this value substituted in the expression for q, formula 
2 

(4), gives 

^=j^{K-K). (s) 

By suitable variation of the charge, Vi and v^ are made to vary, and 
from the values of q thus determined, a /aw for the resistance can be 
deduced. It is evident, however, from the formula that no account 
is yet taken of the variable density of the air, and it must be distinctly 
kept in mind that these values of the resistance can only be com*- 
pared among themselves so long as the density of the air remains the 
same, and, further, so long as the projectiles are of the same calibre 
and form. When the experiments are not carried out under these 
conditions, it is necessary to refer the quantity ^ to a standard density 
and projectile. If 8 is the density of the air at the time the experi- 
ment is made, and 8^ is the standard density adopted, the second 

member of equation (5) must be multiplied by -^ . It is usual, in 

comparing results with projectiles of different calibres, to reduce the 
resistance obtained to that per unit (square foot) of cross section. 
Equation (5) then reduces to the following : 

J^ being the radius of cross section in feet. 

Examples. 

I. A 6-inch projectile, ogival head, weight 70 pounds, is fired 
through screens, and the velocity is determined at two points 600 
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feet apart by chronograph, as follows : Vi= 1595 f. s., V^= 1866 f. s. ; 
what is the resistance in pounds? Ans, 644 pounds. 

2. A 6-inch ogival headed projectile, weight 70 pounds, is fired 
through screens 450 feet apart, and the velocity at the first screen 
is found to be 1846 f. s., at the second 1790 f. s. A six- inch flat- 
headed projectile, weight 70 pounds, is fired through the same screens, 
and the velocity at the first screen is found to be 1929 f. s., and at 
the second 1790 f. s. Compare the resistances for these different 

forms of head. . Flat head ^^ _ . 

Ans. -pr-—. — —. = = — = 2. 15 '500. 

Ogival head ^3 ^''^ 

.3. A 12-inch ogival headed projectile, weight 850 pounds, is fired 
through screens, and the velocity at two points 500 feet apart 
is found by chronograph to be 2000 f. s. and 1955 f. s. respectively. 
The weight of a cubic foot of air at the time of firing is found to be 
.950 as compared to the standard, the weight of which is unity. 
What is the resistance per unit (square foot) of cross section for this 
projectile under standard conditions of the air? 

Ans. 6296.5 pounds per square foot. 

4. Find the resistance of the air and the retardation of a projectile 
in which //=i2.5 inches and a/=8o2.25 pounds, when moving in 
air with a velocity of 1400 f. s. Resistance =1251.6 pounds. 

Retardation = 50. 24 f. s. 

5 . Find the resistance of the air to a base-ball of three inches 
diameter when moving at a velocity of 100 f. s., assuming the resist- 
ance to the sphere and standard ogival to be in the ratio i : . 8. 

Resistance = . 1634 pound. 

Note. — To solve examples 4 and 5, it is necessary to know the 
form of/{v) in equations (2) and (3) ; as will be seen later, the 
form of the function for the velocites given is v^, and the value 
of ^ for 4 is log -4 = 6.11924 — 10, the value of A for 5 being 
5.66987 — 10. 



CHAPTER IV. 

The CoMi^uTATioN and Use of Ballistic Tables. 

Time and Velocity. — If r denote the retardation of a projectile 
moving in air in standard conditions, we have, equation (3), Chapter 
III, 

If we know the form o{/{v) and the value of A, we may find the 
retardation, and consequently the force resisting any projectile. 
We have also 

'■=^=-^^-^(^)- <^> 

Space and Velocity. — From equation (i), multiplying' numer- 
ator and denominator of the first member by ds, we have, since ds is 
the differential of the distance passed over, and dt of the time, 

dsdv vdv d^ ^rf ^ / x 

Equations (i) and (2) are of great importance; and, since tl\ey 
give a relation between time and velocity, and one between distance 
passed over and velocity, they would furnish the complete solution 
of ballistic problems, in which we ordinarily require relations between 
time of flight, range, and velocity, if gravity did not act, and if we 
know the form of/(z;) and the value of .^. The form oif{v) is not 
the same, however, for all velocities, but experiment has shown that 
between certain limits of the velocity it may be considered as approxi- 
mately true that the retardation varies according to a certain power 
of the velocity, and that the value of A may be considered as con- 
stant between those limits. For example, for velocities between 
3600 feet and 1375 feet, the retardation varies as 7/ ; between 1375 
feet and 1230 feet, as z^; between 1230 feet and 970 feet, as z/% and 
so on, as shown in Mayevski's equations for the retardation (see 
Chapter III). Evidently, by substituting the proper form of/{v) 
and the corresponding value of -^, and integrating over narrow limits 
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for each equation, tables connecting time and velocity and space and 
velocity may be constructed. This plan has been followed out in 
the case of Table I, and the columns headed S^ and 7^ have thus 

been computed. 

tP , . . 

Since the value of the factor — is different in different guns, it is 

more convenient to make out the tables for a projectile in which 

— =1 ; and the tables are so made out. Also, in a// the tables 

w 

given, //, the diameter of the projectile, must be taken in inches; w,. 
the weight of the projectile, in pounds ; the velocities, in feet per 
second ; the distances passed over, in feet, and the times in seconds^ 

Details of the Computation. — From equation (i) we have 

^^= v2 AXf \ 'y orwhen— = 1, 

''—WW)- ^^> 

When we substitute in (3) for f{v) the form as given by May- 
evski. Chapter III, and the corresponding value of A, we get as 
follows : * 

3600 ft. >z^>i375 ft. : 

dv 

1375 ft- >^> 1230 ft. : 

dt=—^^ 

A,v' 

1230 ft. >z/>97o ft. : 

dv 



dt= 



A^v' 



970 ft. >z^> 790 ft. : 

dv 
A,v' 
790 ft. >z^>5oo ft. : 

dv 
A,v' 

Integrating the first of this set of equations between the limits 
z;g=:36oo ft. and v, and making /=o when z; = 36oo ft.; calling 
T^ the value of / when the velocity = v feet : we get the following : 

♦We assume that above 2300 f. s. the resistance varies as Av'^. 
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J"' ___ n dv___ I _ I 
JsmAv^ Av ^6ooA' 

and in a similar manner we get values for T^, for the other equations, 
so that they may be written as follows : 

3600 ft.>z/>i375 ft. : 
I 

1375 ft.>e^>i230 ft. : 
1230 ft.>z/>97o ft. : 

970 ft.>z;>790 ft. : 

790 ft.^z'^soo ft. : 

In equations (4) the values of -^j, A^, A, etc., are obtainable from 

Mayevski's equations (see Chapter III) . In the first of (4) the value 

of C may be so taken that the value of T^ will be zero when v = 

3600 feet. In the first case the value of C which will make Ty=o 

when 7; = 3 600 feet, is — 2. 110832 ; log .4 for velocities between 3600 

feet and 1375 feet is 6.1192437 — 10; so that the first equation 

becomes ^ r «« ^ t i o 

7;=[3.88o7563]— — 2.110832. 

The number within brackets is the logarithm of the constant coeffi- 
cient in the first term. 

By this formula, 7^3,5 = 3.4x6. 

Proceeding in a similar manner, we get for the second equation of the 
set, for velocities between 1375 feet and 1230 feet, log A^ = 
2.0808821: — 10, ^ -, « « -. I . ^ 

^ ^ ' 7; = [6.7180875] ^+c;. 

Now the value of C^ must be so taken that there will be no abrupt 
change in the tables when z/ == 1375 feet or when the law of the retar- 
dation changes ; hence we may obtain C^ as follows : 



(5) 
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7;= [6.7180875]^-^,+ C; = 3.4i6, 

since both laws for the retardation must hold good for z; = 1375 feet, 
and we find Ci= -{- .65204; so the second equation becomes 

7;= [6.7180875] -^+.65204. 

Similarly we proceed with all the others, and the jesult may be 
tabulated as follows : ' 

36oo>^>i375: 

7"^= [3.8807563] 2.1108. 

i375>^>i23o: 
7;=[6.7i8o875]-^+. 65204. 
i230>z/ > 970 : 

7;,=: [12. 5960964] 1- 2.38196. 

97o> v^ 790 : 
7;= [6.9255468] -2— 2.11510. 
790>z;>5oo: 
' ^v= [4-3301245] 15.68695. 

Proceeding in a similar manner with equation (2), we get the follow- 
ing expressions for computing the values of *S'^ : 

3600 >z;> 1375: 
*S;= 62225. 7 — [4. 2429714] log z;. 

i375>^>i23o: 
*S;=[7.oi9ii75] 291.46. 

i230>z;>97o: , 

5;=[i2.72io35i]-^ + 5382.54. ' ^ 

97o>z;>79o: 

*S;=[7.2265768]-^— 6123.7. 

79o>z/>5oo: 
*S;= 157890.8 — [4.6923402] logz^. 
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The values of T^ and S^ have thus been computed for properly 

//' 
chosen intervals of v for the value of = i. For any other value 

w ^ 

of , evidently the tabular values must be multiplied by the par- 

w 



ticular value of that factor, or rather by its reciprocal ,3 . 

In a similar manner the values of other functions required in the 
solution of ballistic problems, and depending upon the velocity, 
may be computed and tabulated. The expressions for other func- 
tions will hereafter be given, but the manner of their computation 
will not be dwelt upon, as it presents no essential features different 
from that already given. 

The Use of the Tables. — The use of the tables is best ex- 
plained by examples. Suppose we wish to find in how long a time a 
6-inch projectile whose weight is 100 pounds, and which is moving 
with a velocity of 2100 f. s., will have its velocity reduced to 1900 f. s. 
Entering Table I with 1900 feet as an argument, we find in the 
column T^ the value 1.889 i ^^^ again, with 2100 f. s. as argument, 
we find the tabular value 1.508 ; and the difference of these values, 
or .381, will be the time in seconds it will take a unit projectile for 

d^ 
which — =1, to have its velocity reduced from 2100 f. s. to 1000 
w 

f. s. ; but — for the projectile in question =-^ — ; therefore the quan- 

d^ 
tity 0.381' should be multiplied by the reciprocal of — , and the re- 
sult required is 0.381' X — 7-=i-5S3'- This leads to a convenient 

30 

manner of writing equations for the solution of problems involving 
time and velocity and space and velocity^ as follows : 

'^^ ^= T.^ - T.^ . (7) 



w 

d^ 

w 



S — S^^ — o!y^ , (8) 



T^ and S^ signifying the tabular numbers in Table I corresponding 
to the velocity F. 
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It is required to know the distance passed over by the projectile 
in question while its velocity is being reduced frofti 2100 f. s. to 
1900 f. s. 

We have, equation (8), 
c c c 

100 

6'=— ^(4855-S — 4095-5)= 2112.5 feet. 

Suppose now we wish to find the remaining velocity after a time 
T for a given projectile. Take a 6-inch projectile, weight 100 
pounds, initial velocity 2000 f. s., and we wish to know the remain- 
ing velocity after 0.5'. We have, equation (7), 

^.X5=^.-^«)oo=n-i.689, 

.-. 7;=i. 689 + . 18=1. 869. 

Entering Table I, in the column T^ we find opposite the quantity 
1.868 in the column marked F, the velocity 1910 f. s. The tabular 
difference for T'^ is 2, and the correction to be applied is evidently 
.5, so the velocity required is 1709.5 f. s. 

Again, suppose we wish to find the remaining velocity for a 
6-inch projectile, weight 100 pounds, after it has traversed a dis- 
tance of 1000 feet, the initial velocity being 2000 f. s. : we have, 
equation (8), 

-16 
■^X iooo = *S; = 5^ = ^^ — 4466.2, 

or, 6*^=4466.2-1-360 = 4826.2. 

Entering the column S^, in Table I, with this quantity, we find the 
remaining velocity required to be 1907.5 f. s. 

As there is no direct relation between time and space y when it is 
required to find the time a projectile takes to travel over a given 
space, or the reverse, it is necessary to know the initial or final 
velocity, and to use both equations (7) and (8) ; with one of them 
the initial and final velocities are determined for use in the other 
equation. 

The other tabular values in Table I are taken out in a similar 
manner and special explanation is not necessary. Special regard 
should be given to the columns of differences if accurate results are 
required. 
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Limits of Accuracy. — The above methods furnish the solution 
of some of the simpler ballistic problems which occur : and it is 
evident that whenever the distance passed over enters, their appli- 
cation must be confined to those cases in which the range, a chord, 
is sensibly equal for practical purposes to the curved path the shot 
actually pursues. It is difficult to assign precise limits beyond 
which their use should not extend, as these limits depend upon the 
ranges considered, the velocity, the calibre, as well as upon other 
things of minor importance. For medium guns with high velocity, 
the limit should, perhaps, not exceed an angle of departure of 3°, 
which would correspond to a range of about 2500 yards. 

Within these limits, (7) and (8) furnish the solution of all prob- 
lems in so far as the time and one coordinate, the horizontal one, 
along which the ranges are measured, is concerned. 

Simple Ballistic Problems. 

1. It is required to find the muzzle velocity of the 3-inch B. 
L. R. in which d=^, w=t ] the projectile is fired through two 
screens, and its velocity at the middle point between the screens is 
found to be 1062 f. s., this point being seventy feet from the muzzle 
of the gun. Ans. 1069.44 f. s. 

2. To find the time of flight with a projectile in which 2«/=64, 
d=6y when projected with a velocity of 1457 f. s., for a range of 
1000 yards. For this velocity and range the length of the curved 
path which the shot will describe may for practical purposes be taken 
equal to the length of its chord, which is the range stated. In a case 
of this nature we must first find the velocity at the end of the range 
by (8), and then (7) will evidently furnish the solution. 7^=2.297. 

3. Prove that the rate of loss of velocity of ogival projectiles is 
inversely proportional to their calibre if their form is similar ; that 
is, if their heads are so formed that their weights are proportional 
to the cube of the calibre. 

4. A projectile in which d=6 inches, w=*j2 pounds, is fired at 
an iron target 100 yards from it, with a muzzle velocity of 2000 f. s. 
Find the striking velocity and time of flight. Here the arc con- 
sidered of the trajectory is sensibly equal to its chord, the range. 

Striking velocity =1961.1 f. s. 
Time 6f flight =.15 sec. 
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5. The same projectile as in 4 is fired at an iron target fifty yards 
from it, and must have 2000 f. s. velocity to penetrate. Find muzzle 
velocity and time of flight. V= 2020. 

7'=. 076. 

6. The same projectile, that in 4, is fired from a gun which is 55 
feet from a target screen, a second screen being 90 feet from the 
first. By means of a chronograph, the interval of time between 
the rupturing of the two screens is found to be 0.05 sec. Find the 
muzzle velocity. The velocity at the middle point between the two 

screens is, very approximately, /^ = — = 1800 f. s. 

Muzzle velocity =181 1. 9. 

Corrections to be applied for Variations of Thermometer 
and Barometer, and for Projectiles differing from the 
Standard. — To determine the correction to be applied in the com- 
putation of trajectories for variations of thermometer and barometer. 

The values in the ballistic tables have been reduced to a standard 
atmospheric condition of thermometer 62° F., barometer 30 inches. 
The standard projectile of the tables is three calibres in length with 
an ogival head of two calibres radius and a forced band. It cor- 
responds to that of the new heavy guns for the U. S. navy. 

Assuming the density of the air to be unity under the standard 
conditions, let Vq be the volume of unit weight under these condi- 
tions, a the coefficient of expansion = .00 2 178, B the observed 
height of the barometer, and / the diff'erence between 62° and the 
observed temperature. The volumes varying inversely as the pres- 
sure, or barometric height, we have for the volume of unit weight 

under observed conditions v^(i ±:af)—. 

Let 8 be the ratio of the density under observed conditions to the 
density under standard conditions : then, since the densities vary 
inversely as the volumes, 

V. B B 



8 = 



V^{\ ±a/)' 30 (litia/) 30* 



The tables of values of 8, for the standard adopted, are usually 
printed in connection with ballistic tables. 

It is assumed that the retardation varies directly as the density of 
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the air, and, since it varies also directly as the square of the diameter, 

we may make 8 the coefficient of //*. 

The ratio of the retardation of the projectile used to that of the 

standard projectile is called the Coefficient of Form. It is denoted 

by / and obviously will appear in the coefficient of d\ 

w 
The quantity -^^ , called the Ballistic Coefficient^ and denoted by 

C 

C, becomes generally ^-: . 

The value of /, for any projectile, may be determined by measuring 
its velocity, by means of the chronoscope, under standard atmos- 
pheric conditions, at two points of the trajectory S feet apart. 
Taking S^, and ^S"^,, from the tables we have 






O Ox/// <<>'vf 9 



C 

'"" s • 

To correct the observed range, approximately, for variations from 
the standard atmospheric conditions, if, for the same initial velocity 
and angle of departure, the vertical resistance of the air is assumed 
to be the same under the observed and under the standard atmos- 
pheric conditions, the maximum ordinates of the two trajectories, 
and also the times of flight will be equal. For the flat trajectories 
of high-powered guns the vertical component of the velocity is small, 
and this assumption can be made without material error. 

Under the observed conditions let X be the range, V the initial 
velocity, and v the final velocity. Let X' and v' be the 'required 
range and final velocity under standard conditions. 

The projectile being standard, we have 

C 

from which S^ and, by the tables, T^ are found. 
To find the time of flight 

Assuming 7* to be the same under standard conditions, 

T 
~C 
from which T^, and, by the tables, ^S"^, are found. 



^V T^X -\- Sy^ 



^vt — ~7^ ~r -^y* 
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Finally, X' = C {S,, — S,) . 

It is to be noted that this correction can only be approximate, 
owing to the uncertainty as to the law of the variation of the resist- 
ance with the density. 

The correction to be applied to the observed range for the effect 
of the wind is also uncertain, and therefore experimental firing 
should, if possible, be carried on in calm weather and under stand- 
ard atmospheric conditions. 

The ballistic formulas are to be habitually written with C in the 

place of 



d' 



w 



The following Table for -^ = C for the different service project- 
iles will be found convenient : 



Values of C for Service Guns, U. S. Navy. 



Calibre 


Gun. 


W 


c 


c 


c 

2 


inches. 


Class. 


Lbs. 


Log. 


Co Log 


• 


Log. 


0-315 


Small Arm. 


•03394 


9.53409-10 


0.46591 




9.23306-10 


0.45 


i ( 


.0686 


9.52990-10 


0.47010 




9.22887-10 


1.46 


R. F. 


I.I 


9. 71268-10 


0.28732 




9.41165-10 


1.85 


<< 


3-3 


9. 98417-10 


0.01583 




9. 683 1 4- 10 


2.24 


ti 


6.0 


0.07765 


9-92235- 


-10 


9.77662-10 


3-0 


Boat Gun. 


7.0 


9.89086-10 


O.IO914 




9-5S9S3-IO 


4.0 


R. F. 


33- 


0.3M39 


9.68561- 


-10 


0.01336 


5-0 


(< 


50. 


0.30103 


9.69897- 


-10 


0.00000 


5-0 


£. L. R. 


60. 


0.38021 


9.61979- 


■10 


0.07918 


6.0 


a 


100. 


0.44370 


9-55630- 


•10 


0.14267 


8.0 


(( 


250. 


0.59176 


9.40824- 


•10 


0.29073 


10. 


li 


500. 


0.69897 


9.30103- 


•10 


0.39794 


12.0 


a 


850. 


0.77106 


9.22894- 


■10 


0.47003 


13.0 


iC 


HOC. 


0.81350 


9.18650- 


-JO 


0.51247 


16.0 


(< 


2000. 


0.89279 


9.IO721- 


■10 


0.59176 



g, 32.2; log, 1.50786; CO. log, 8. 49214-10. 
TT, 3.1416; log, 0.49715; CO. log, 9.50285-10. 
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To find Approximately the Ordinate of a point on the 
Trajectory and the Dangerous Space for a Target of given 
height above the horizontal plane through the Gun from 
the data given in the Range Table. — It is assumed, without 
material error, in computing the ordinates of the descending branch 




Fig. I. 

of the trajectory (/. ^., a flat trajectory) that the chord AP is equal 
to the distance AC^ and, entering the range table with the distance 
AC 2&Z. range = AP^ the corresponding angle of elevation a is taken 
out, and also a corresponding to AB ;. then 

CP=AC t3in (a' -r-a); jDAP=a; DAC=a' . 

The target being at C, Fig. i, this gives the vertical distance above 
the target of a shot falling at B. 



D 




Fig. 2. 



Similarlj^in Fig. 2, the target being at C, we have for the vertical 
distance under the target of a shot falling at B, CP=AC tan 

To find the Ordinate of the Vertex. — The vertical component 
of the velocity in the case of a flat trajectory is so small /or ordinary 
ranges that we may neglect the vertical resistance of the air and 
consider the vertical motion as affected by gravity only. The time of 

* This method is due to Lieut. Haeseler, U. S, N. 
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flight to the vertex will be ^T, as tn vacuo ^ and the ordinate may 
be found, approximately, by substituting JT' for / in the gravity 
formula, or 

8 • 

The Dangerous Space for an object of a given height, CP, 
Fig. I, is the distance BC, from the point of fall to the foot of the 
ordinate, CPy which is equal in height to the target, w being the 
angle of fall, a sufficient approximation, generally, is 

^6'=C/'coto). 

The following portions of range tables for the 5", 6" and 8" B. L. R. 
are given, from which examples illustrating the method of finding, 
approximately, the ordinate of a point on the trajectory and the 
dangerous space for an object of known height can be taken. 

Range Table. — 5" B, Z. from Practice, 
I. V.y lyoof. s. ; jumpy + 0° 3^ 35^^; radius of gun, 48.75^^. 



Range, yds. 




a 


T 




0) 


f. V. 


1000 


-.C 


>oo' 


1.88" 


1° 


10' 


1466 


1200 




13 


2.29 


I 


28 


1402 


1400 




28 


2.70 


I 


46 


1359 


1600 




43 


314 


2 


07 


I3I8 


1800 




59 


3.61 


2 


30 


1278 


2000 


2 


16 


4.07 


2 


54 


1239 


2200 


2 


ZZ 


4.55 


3 


20 


1207 


2400 


2 


51 


5.02 


3 


46 


II77 


2600 


3 


09 


5-50 


4 


13 


1150 


2800 


3 


29 


5.98 


4 


41 


.1126 


3000 


3 


49 


6.47 


5 


II 


1103 


3200 


4 


10 


7.00 


5 


45 


1082 


3400 


4 


31 


7.55 


6 


19 


1062 


3600 


4 


54 


8.12 


6 


56 


1042 


3800 


5 


20 


8.71 


7 


37 


1024 


4000 


5 


49 


9.40 


8 


19 


1006 


4200 


6 


23 


10.24 


9 


23 


984 


4400 


7 


04 


II. r6 


10 


29 


963 
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Range Table.— 


-8 -o. L, jK. 


, from Practice, 




/. F., I'jQof. s. ; ze/, 250 


Ids. ; jumpy ; 


radius of gun ^ 85 


.66.^^ 


Range, yds. 


a 


T 




(0 


f. V. 


1000 


1° 04' 


1.93' 


1° 


08' 


153^ 


1200 


I 17 


2.34 


I 


24 


1499 


1400 


I 32 


2.73 


I 


40 


1469 


1600 


I 46 


3.17 


I 


58 


1439 


1800 


2 00 


3.58 


2 


16 


1411 


2000 


2 15 


4.00 


2 


35 


1383 


2200 


2 30 


4.43 


2 


55 


1357 


2400 


2 46 


4.87 


3 


15 


"^ZZ^ 


2600 


3 01 


5.32 


3 


37 


1306 


2800 


3 t8 


5-78 


3 


59 


1282 


3000 


3 35 


6.24 


4 


23 


1258 


3200 


3 52.5 


6.70 


4 


47 


1236 


3400 


4 10 


7.16 


5 


II 


T2l6 


3600 


4 27 


7.64 


5 


38 


II97 


3800 


4 45-5 


8.13 


6 


06 


II79 


4000 


5 04 


8.62 


6 


34 


I161 


4200 


5 23 


9.18 


7 


04 


1 145 


4400 


5 43 


9.74 


7 


34 


II29 


4600 


6 03 


to.30 


. 8 


06 


III4 


4800 


6 25 


10.86 


8 


40 


1 100 


6000 


8 42 


12.39 


12 


21 


1028 



Range Table. — 6" B, L, R., Mark 3. 
/. F., i7cx> /. s. ; w, 100 lbs, ; jump^ — 3' ; radius of gun ^ 66.8i^^ 



Range, yds. 




a 


T 




(0 


f. V. 


1000 


1° 


10' 10" 


1.94* 


1° 


12' 


1455 


1200 


I 


24 27 


2.36 


I 


29 


1409 


1400 


1 


39 05 


2.82 


I 


47 


1365 


1600 


I 


54 10 


3.29 


2 


08 


1323 


1800 


2 


09 45 


3-77 


2 


30 


1284 


2000 


2 


25 53 


4.25 


2 


55 


1246 


2200 


2 


42 45 


4.75 


3 


22 


I2I0 


2400 


3 


00 23 


5.25 


3 


51 


II77 


2600 


3 


18 43 


5.75 * 


4 


25 


. 1145 
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Range Table. — 


6" B. A. jR., 


Mark 


3 — Continued. 


/. y.y 17CX1 


/. s. 


; Wy 100 


lbs. ; jump, — 


- 3^ ; radius of gun y 


66.8i^^ 


Range, yds. 




a 


T 




Q) 


f.v. 


2800 . 


3° 


37' 45" 


6.25- 


5° 


01" 


i"5 


3000 


3 


57 33 


6.75 


5 


39 


1087 


3200 


4 


18 10 


7.27 


6 


19 


1062 


3400 


4 


39 35 


7.80 


7 


00 


104E 


3600 


5 


01 50 


8.35 


7 


42 


1023 


3800 


5 


25 00 


8.92 


8 


24 


1007 


4000 


5 


49 05 


9-52 


9 


06 


991 


4200 


6 


T4 10 


10.13 


9 


50 


975 


4400 


6 


40 15 


10.77 


10 


34 


959 


4600 


7 


07 20 


11.44 


II 


21 


945 


4800 


7 


35 30 


12.12 


12 


II 


931 


5000 


8 


04 45 


12.80 


13 


CI 


917 


5200 


8 


35 05 


13.48 


13 


51 


903 



Miscellaneous Examples. 

1. What is the approximate maximum height o( the trajectory of 
the 6-inch B. L. R. projectile for a range of 1000 yards, I. V. = 2000 
f. s., ze/= 100 pounds, assuming that the projectile reaches the highest 
point in one-half the total time of flight ? What distance from the 
gun is this point? Ans, Zr= 10.45 ^^^^y -5*= 1568 feet. 

2. An 8-inch ogival-headed projectile weighing 250 pounds, 
radius of head 2 calibres, is fired through two screens 100 feet apart 
and 100 and 200 feet from the gun respectively ; the time between 
screens is ^ of a second ; what is the initial velocity of the above 
projectile, and with what velocity will it strike an iron target 300 
feet from the gun ? Ans. I. V. = 2010 f. s. 

S. V. = 1990 f. s. 

3. The striking energy necessary for a 6-inch B. L. R. shot to just 
penetrate 12 inches of iron armor is 2559 foot- tons with a 100-pound 
projectile, i ton = 224o pounds, ^ = 32.2 feet. The gun is 300 feet 
from the armor plate ; what is the necessary muzzle velocity ? Two 
screens are between the gun and plate, are 100 feet apart, and the 
first is 100 feet from the gun ; what is the time of flight between 
screens? Ans. S. ¥. = 1921.3 f. s. 

M. V. = 1949. 1. 
T = .o5i6. 
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4. A 6-inch loo -pound rifled projectile is fired through two 
screens which are loo feet apart; first being loo feet from the 
muzzle of the gun. The time observed by chronoscope between 

screens is— p^-of a second. (i) What is the muzzle velocity? 
185 ' ^ 

(2) What is the velocity at the second screen? (3) What is the 

total resistance of the air in pounds at the second screen? (4) What 

is the total energy with which it strikes an iron target 100 yards 

from the muzzle of the gun? Ans. I. V. =1863. 

^1=1845. 
^2=1836. 
Striking energy =2337 ft. tons. 

5. A 6-inch 100-pound rifled projectile is fired through two 
screens which are 100 feet apart, the first of which is 100 feet from 
the muzzle of the gun ; the time taken by the projectile to travel 
between the screens is ^ of a second, (i) Find the muzzle velocity; 
(2) find the velocity at the second screen; (3) find the total resist- 
ance of the air in pounds at the second screen; (4) the total energy 
with which it strikes a vertical iron plate 100 yards from the muzzle. 

Ans. M. V. == 2014. 7. 

v=^ 1995 at second screen. 
^ = 586 pounds. 
^=2732 ft. tons. 

6. A 6-pdr. R. F. gun is mounted 24.5' above the water, and the 
axis of the bore is set by quadrant at an angle of 4° with the hori- 
zontal. When fired with an initial velocity of 1804 f. s., jump-f- 
2' 10", barometer 30.29, thermometer 81° F., the range on the 
water was observed to be 2780.4 yards. For this gun //^ 2. 24", 
w = 6 lbs., and 1 = 0.9. It is required to find the correction to be 
applied to the observed range for variations from the standard con- 
ditions of barometer and thermometer. What is the angle between 
the line of sight and the line of departure in this particular case ? 

Ans, Cor. — 19. i yds. 
4° 12' 16". 

7. (a) A 12" projectile, weight 850 lbs., of standard form is fired 
through two screens 100 feet apart, the first screen being 100 feet 
from the gun. The time of flight between screens is observed by 
chronograph to be 0.047 seconds; what is the muzzle velocity? 
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(/^) The jump of this gun being o®, how much above a certain mark 
on a steel plate 300 feet from the gun should the axis of the bore 
be pointed in order to hit the mark on the plate? 

Ans. I. V. 2135 f. s. 

3,84". 

8. The 5" B. L. R. was fired at the Proving Ground, Dec. 7, 
1887, when the barometer was 30.38 and the thermometer 48° F. 
The muzzle of the gun was 5.375' above the water and the axis of 
the bore was set by quadrant at an angle of 5® 25' with the hori- 
zontal. The jump was +3'j I- ^* 2000 f. s., w=6o lbs., and the 
range on the water was observed to have been 4441 yards: It is 
required to find the correction to apply to the observed range for varia- 
tions from the standard conditions of barometer and thermometer 
and also to find the ang/e between the line of sight and the line of 
departure in this particular case. Ans, Cor. +47.3 yds. 

5 29 30 . 

9. The velocity of a flat-headed rifle projectile, d=6'\ w='jo 
lbs., when fired through two screens 150 feet apart was found to be 
1 88 1 f. s. and 1835 f. s. at the screens, standard conditions of the 
air. Find the value of/, the coefficient of form in this case. 

Ans. i^ 2.438. 



CHAPTER V. 
Trajectories in Air.* 

§1- 

From the hypothesis that the resistance is directly opposed to the 
velocity, it follows immediately that the trajectory is plane. In fact, 
if a vertical plane be passed through any element of it, that plane 
will contain the two forces which act upon the projectile, namely, 
gravity and the resistance of the air, their resultant will lie in the 
same plane, and consequently also the consecutive element. Hence 
all the elements lie in the same vertical plane. 

Differential Equations, 

Let the centre of gravity of the projectile be referred to two axes, 
x^y, lying in the plane of fire, the first horizontal, directed toward 
the motion ; the second vertical, in the direction opposed to gravity. 

Let 

w denote the weight of the projectile, 
g ** the acceleration of gravity, 
V ** the velocity, 

if <* the angle made by its direction with the axis of x, 
f{v) ** the retardation, 
/ *' the time : 
' we shall have then 

W d(v cos <p\ 'U^ rr X 

^ — 3: — -=^ f{v) coscp, 

g dt g'^ ^ 

w div sin <p\ ^ >-/ X . 

— ^^—- — L= f(y) sin <p — w, 

g dt g 

♦Translated and adapted from "Balistica, di F. Siacci, Seconda Edizione," Turin, 1888, 
by Professor William Woolsey Johnson, U. S. Naval Academy, with the co-operation of 
Lieut.-Commander Sperry, Head of the Department of Ordnance and Gunnery, 1888. Eng- 
lish units have been substituted for metric units, Mayevski's law of resistance, has been 
used in place of that employed by Major Siacci. 
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or //(z^cos^) 



lit 
It 



= —f{v)Q,Q^ip, (l) 



—f[v)^\Xiip — g, (2) 



Multiplying (i) by v sin ^, (2) by z; cos ^, and subtracting the first 
result from the second, we have 

V cos <p div sin cp) — v sin <p d (?' cos ip\ 

5^ Z2—- !_v ZL^_gy COS if ; 

furthermore, multiplying both members of this equation by-^^^ ^— , 



v cos ^ 



we obtain 

V sin ^ S ^^ 



d — , 



V cos <p V COS ^ 

and therefore (since //tan ^ = secV^v)> 



gdt= — v—^ • (3) 

•^ COSf - ^^^ 



/// ^' dt ^' dt 

we derive 



Finally, substituting this value oi dt in (i) and in 

dx dy . ds 

= vco^ip, — = vsm<p, -{f='^^ 

gd{v cos (f) =/{v) vdif , (4) 

gdx = — 7f'd<p , \ 

gdy = — ZJ^t3in<fd<p, L (5) 

gds = — 7;^ sec <fd<p . j 

If the integration of (4) were possible, that is, if it were possible to 
derive a finite relation between v and <p, one of these variables might 
be eliminated from equations (3) and (5), and then it would become 
possible to obtain /, x, y and s, either exactly or by means of 
quadrature. 

But the form which we can give X.of(v) compatibly with the results 
of experiment upon the resistance do not permit such integration. 
It is consequently necessary to have recourse to methods of approxi- 
mation. The following method gives results which are the more 
exact the more direct the fire, that is to say, the smaller the angle 
of departure ; it moreover gives a sufficient approximation even in 
cases of curved fire. 



EXTERIOR BALLISTICS. 49 

Ballistic Formulas. 

Substituting in the differential equations the value of/(z;),* we 
have 

gd (y cos ip)=^ — F (y) vdip , 

gdx = — v'd<p , gdf= — V sec yd<p . 

Let us decompose the velocity into two components, one vertical 
and the other parallel to the line of departure. Denoting this second 
component by «;, we shall have {0 being the angle of departure) 

7; cos fp = z cos . ( I ) 

The quantity z will be called \\iQ pseudo-velocity. Its value coin- 
cides with that of v at two points; at the origin and at the point in 
the descending branch where ^ = — ^. In the rest of the trajectory 
the pseudo-velocity differs so much the less from the velocity as the 
fire is more direct. 

Substituting, we obtain 

hiF (7') dw 

gdz = ^-^ Z y 

C cos if 
gdx = — z^ cos^ 



gdt= — z cos 



Let us now put 



COS'' <f 

dip 

COS" ip 



ir(z;)=^^yr(2)±l^lZ, (2) 

^ ' ^ ' cos ip 



and thus derive from the first equation 

Sip COS' dip 

g,lz = -ll — zF{z) 



*'^ C "^ ^^' COS' ip 

whence 

dip C gdz . 



cos^ ip 8/)8 cos* $ zF(z) 



(3) 



♦The retardation of a projectile is inversely proportional to its ballistic coefficient : 
we therefore put 

so that J^{v) is a function independent of the form, weight and dimensions of the projectile, 
and of the density of the air. In Chapter IV this function was denoted by A/{v). 
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and, putting this value in the other two equations, there results 

C zdz • 

C dz 

~^tP cos e'Fjz)' ^^^ 

The quantity p defined by (2), that is, 

J^{v) cos (p 



^ 



j^{z)cos'e 



is a variable quantity, which varies however between limits which 
are the more restricted the more direct the fire. Thus, if the tra- 
jectory were rectilinear and horizontal, we should have 6 = ^ = 0, 
v^z and fi=i. Thus, assuming fi to be a constant quantity, the 
flatter the trajectory the smaller will be the error. We shall speak 
further on of the most convenient value to be given to this quantity; 
i«i the meantime we shall put 

and we shall call C the reduced ballistic coefficient. 
.Integrating equations (3), (4) and (5), putting 

(or, as we shall generally write them, S^, /^ , T'^*) and noticing that 
at the origin z= V, we shall have 

tan^-tan^ = -^-^[/(.) - /(F)], (7) 

x= C{S{z)-S{V)l (8) 

C 



t= 



cos 



-[T{z)-T{F)]. (9) 



Moreover, multiplying (7) by the differential of (8), and observing 
that dx tan <p=:dy, we have 

♦It will be noticed that the functions 5 and 7'are the same as thojse which are otherwise 
obtained in Chapter IV and are tabulated under the headings 5/-and T^'in Table I. 



*lw ♦- v^ . w * - 

*- 4. V »- c 3 «- -■ 
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integrating, and putting 

p{z)dS{z), or ~j'/{z)^^ = A(z), 
there results 
y-xUne=-j^^[A{z)-A{V)-/{V)\S(z)-S{V)\]. 

Finally, dividing by (8), we obtain 

y ^ C rA(z)—A(V) ^.^^r\ , , 

Equations (7), (8), (9) and (10), together with (i), are the ballistic 
formulas. 



The ballistic formulas may be grouped together as follows : 

X 2C0S^^Lo^ — Sy J 

c 

tan ^ = tan B ttX^z — A-l > 

2 cos^ 0^ -• 

cos ^ "- * *^-" 

COS ^ 



COS tp 

They express the two coordinates, the inclination, the time and the 
velocity at any point of the trajectory directly as functions of a new 
variable, the pseudo -velocity ; the reduced ballistic coefficient, the 
angle of departure and the initial velocity being supposed known. 

The values of the I^ and the A^ functions, when integrated over 
small limits, have been computed and tabulated for the several laws 
of the resistance of the air, and for values of the velocity from 
3600 f. s. to 500 f. s. These values will be found in Table I, in the 
columns headed I^ and A^ respectively. 
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The formulas used in the computation of the tabular values are as 

follows : 

/.. 

3600 ft. >?'>i375 ft.: 
I.= [5.3880723] A — -oiSSS^??- 

V 

1375 ft. >e^>i23o ft. : 
^= [^-3503422] -J + .024218. 

1230 ft. > 7' >► 970 ft. : 
/„= [14.3075324] -^+.0725069. 

970 ft. > Z' > 790 ft. : 

L,= [8.5578016]-^ — .086888. 

790 ft. > ^' > 500 ft. : 
^^'=[5-8374405]-T — .45621. 

V 

3600 ft. >7/>i375 ft. : 
^T = [8.9677986] — + [2.5184393] log z'— 1245.2. 

V 

1375 ft. >7^>i230 ft.: 
^,= [14.7673997]— + [5.4032558]-^ — 66.246. 

1230 ft. > z; > 970 ft. : 

^,= [26.6o25988]4^+ [11.5814144]-^+ 113. 817. 

970 ft. > z/> 790 ft. : 
^,= [15.1823184]^ — [6.i655366]-^ + 833.i86. 



790 ft. >7^>5oo ft. : 
I 



^,= [9.8670749]— +[4.35 15049] log 7^— 74006.48. 
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§11. 

The value of ft. 

As for the quantity P, it is convenient in the first place to distin- 
guish the case in which the resistance increases more rapidly than 
the square of the velocity, from that in which it is proportional sim- 
ply to the square of the velocity. Let us put F(v) ^tf^Kfji), so 
that in the first case J^{v) is an increasing function of v, and in the 
second case it is a constant. Then P becomes 



z/^ K{2}) cos (p J^ {"v) 



Now at the origin, <p=^B,z = Vj whence )S=:sec^> i. At the 

vertex, <p = o, z=z> secO > v, and therefore //=-— ^-^, which is< 

/C{z) 

I in the first case. At the point in which the inclination <p becomes 
= — 0, we have also z = v, and therefore fi -= sec ^ > i, and it re- 
mains > I for all the rest of the trajectory. We conclude therefore 
that fi varies between two limits, of which one is >> i and the other 
is < I, when the resistance increases more rapidly than the square 
of the velocity. In the second case, we have -K^{v) = constant ; 
therefore, the inferior limit of )8 being = i, the mean value will in 
this case be > i. It is important, however, to notice that the mean 
value * of )8, which ought to be put in the formula to obtain results 
absolutely exact, is not always the same ; it ought to vary not only 
with the data of the trajectory, but also with the problem itself, f 
Thus, given X and V, if we seek B, the value which ought to be 

♦ If in a definite integral a variable is replaced by a constant, in order that the value of 
the integral may be unchanged, the value of the constant must be a mean value of the vari- 
able falling between the greatest and least values which occur within the limits of integra. 
tion. See Int. Calc, Art. 97. 

t That is to say, with the formula employed. The mean value defined as in the preceding 
foot-note is the mean value of the variable in question when considered as a function of 
the variable whose differential remains under the integral sign. For instance, equation (4), 
p. 4, may be written 



8/ , I zdz I ,0 1- 8' C^« I 



In this case we are therefore concerned with the mean value of — - considered as a function 

P 
of 5. This is the same thing as the mean value when all values ofS between Sy and Sz are 
considered equally probable. Compare Johnson's Least Squares, Art. 24. 
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taken for fi is different from that which would occur if we sought w. 
Therefore, wishing to adopt, as we intend to do, a single value for 
all problems regarding the same trajectory, it will be convenient to 
adhere to that which is adapted to the principal problem of fire, 
which is evidently this : given two of the quantities X, VandO, to de- 
termine the third. 

Now, if the resistance increased as the cube of the velocity, the 
ballistic formulas could be integrated exactly, and the exact formu- 
las applied to the principal practical problem give results agreeing 
with those which are obtained, the resistance being supposed equal, 
from the approximate formulas, when a suitable value is put in place 
of)8. This value, for ^=20° and for cases of ordinary velocity, 
differs very little from unity ; in fact, it differs only by .005 in cases 
of very great velocities, which are rarely combined in practice with 
the angle of 20°, much less with greater angles. For ^==5°, 10°, 
15®, the value of )8, according as the initial velocities are the small- 
est or the greatest which occur in practice, varies respectively from 
0.999 to I, from 0.998 to 1. 001, from 0.996 to 1.004.* 

Now the resistance of the air, although it follows a law very differ- 
ent from the cubic, may be regarded as varying in the mean as the 
cube of the velocity when the velocities are such as are in practice 
combined with angles not greater than 20°. Therefore we assume 
that when the angle of departure is not greater than 20° we may put 

When the resistance increases as the square of the velocity the 
differential equations may again be integrated exactly, and the for- 
mulas applied to the most important practical problem give results 
agreeing with those which, the resistances being supposed equal, are 
obtained from the approximate formulas, when for fi is put a value 
which, for angles of departure less than 45°, differs very little from 

(sec ey. 

When the initial velocity is small the law of resistance approaches 
more nearly to the quadratic law, because the smaller the initial 
velocity the larger relatively is the portion of the trajectory in which 
this law of resistance prevails. With moderate ranges, low initial 
velocities are used in connection with considerable angles of depar- 
ture ; so that in practice the value of fi should somewhat exceed 

* Parodi : Sull' approssiraazione delle formole balistiche. [Rivista d'Artiglierio e Genio, 
June 1887.] 
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unity in these cases ; that is to say, when the angle of departure is 
near the limit, 20°, for which we have put fi = i. 

Diminution of the Density of the Air, 

In the integrations performed we have taken as constant the 
quantity 8, although the density of the air diminishes as the project- 
ile rises. We ought therefore to put for S in the formulas a value 
somewhat smaller than that corresponding to the horizon of the 
piece, which is directly determined from the indications of the 
barometer and thermometer. For small angles of departure this 
diminution of S may be neglected. It becomes sensible when the 
angle of departure is in the neighborhood of 15° or 20°. In this 
case, however, we have seen in the preceding paragraph that, in 
adopting, as we have, unity for the value of ^, we have taken a value 
which is somewhat too small. If then we take for 8 the density of 
the air at the horizon of the- piece, which is top great, we shall make 
a compensation for the value of /J which is too small, since 8 and ^ 

C 

are multiplied together in the expression C = «-:^ • 

m 

§ ni. 

Problems of Fire, 

In the formulas for the solution of problems by means of Inger- 

C tv 
soirs Ballistic Tables, C = ^rr^= -t^ct^, in which w is the weight of 

otp {Pmp ° 

the projectile in pounds and d the diameter of the bore in inches. 

In the problems discussed below we assume /J=i, the angles of 

departure being all supposed less than 20°. The value of / is unity 

for the standard navy shells : it depends principally upon the form 

of the head, and for certain forms may be taken as in the following 

table, the ratios of the numbers being the same as those given on 

page 26 : 

VALUES OF /. 

For ogival heads, radius 2 calibres, . . .1. 
<< <' *' ** I calibre, . . . 1.0527 
** hemispherical heads, ..... 1.2755 
'* flat '' 1.9288 
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The method of determining / experimentally for any form of pro- 
jectile, and that of deriving S from the readings of the barometer 
and thermometer, have been given in Chapter IV. 

In the illustrative examples we have assumed 8, i and ^ each 

w 
equal to unity, so that C= C=— • 

Before proceeding to the cases which usually arise in practice, it 
may be useful to give an illustration of the direct use of the formulas 
in determining the character of a given trajectory at several widely 
separated points. For this purpose let us take the trajectory 
described by a 100-pound shell fired from a 6-inch B. L. R. with the 
initial velocity of 2000 f s. and with an angle of departure of 4° ; and 
let us examine its character at the horizontal distances of 1000 yds., 
3000 yds. and 4000 yds. from the origin. 

The formulas for use are nearly as written on page 5 1 ; namely : 

. S^ = Sy + -^y (l) 

c 

tan<F = tane—j^^^[/,—/y], (3) 

cos , ^ 

v=z > (5) 

cos^ ^^ 

by which, F, 6, C and x being given, the corresponding values of 
^> yj ^i ^ and V are successively found. 

lOO 

In the example V=^ 2000, ^ = 4°, C=— ^, and for Ar= 1000 yds. 

X 

= '?ooo ft. we have -—,= 1080. From the table we take 

6'r=4466.2 ^^-=76.26 /, =0.04224 7^^=1.689. 

Therefore, by equation (i), 6^=5546.2; whence, by the table, 

2=1735.0 ^. = 132.21 7^ = 0.06232 7'„ = 2.269 
and JA= 55-95 ^/== 0.02008 J7'=o.58o, 

where, for shortness, we have writen AA for A^ — Ay^ etc. 
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We proceed to calculate^ by equation (2), 

log dA = 1.74780 
log -^ = log ^^ =3-03342 

JA AA 

log — = 8.71458—10 — = 0.051830 

7^=0.04224 

r JA ^"1 ^ ^ AA I 

log I -jj— /r J = 7-9^182 — 10 -j^ — ^^=^ .00959 

log ^ C= 0.14267 
log ^ = 3.47712 

2 log sec d = 0.002I2 

1.60373 . . • . 40.154 

log :r = 3. 47712 
log tan ^ = 8. 84464 — 10 

log ^ tan ^ = 2.32176 . . . 209.776 

y=: 169.622 

To find (p we have, employing equation (3), 

log J/:=8. 30276 — 10 
log A C:= 0.14267 
2 log sec ^ = 0.00212 

8.44755 — ^o . . .028025 
log tan ^=1:8.84464 — 10 tan ^=.069927 

log tan f> = 8. 62 2 23 — 10 tanc? = . 041902 

<p = 2^ 24'. 
To find / from equation (4), 

log J 7^=9.76343 — 10 
log (7=0.44370 
log sec ^ = 0.00106 

log t ==0.20819 /=i.6i5i. 

Finally, from equation (5), we have for v 

log 5 = 3.23930 
log cos ^ = 9.99894 — 10 
log sec cp = 0.00038 

log 7' = 3. 23862 7'= 1732.3. 
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The original horizontal velocity is ^008^= 1995.12. Thelossof 
horizontal velocity in the time /, which is due entirely to the resist- 
ance of the air, is about 267 feet. The time of describing the hori- 
zontal distance, which would have been 1.5037 seconds in vacuo, 
has been increased by the resistance to 1.6151 seconds. 

The actual amount of fall from the tangent at the origin or line of 
departure, as found in the computation foiy, is 40. 154 feet, while the 
fall on an unresisted body in the time /, or igf^, is about 41 feet.* On 
the other hand, at the same horizontal distance, the parabola which 
would be described if the resistance of the air did not exist, is 
below the tangent 36 feet, which is the value ofigt^vfhen / = 1.5037. 
Thus the trajectory is, at this points 4 feet below the parabola. 

Taking in the same trajectory ^ = 3000 yds. =9000 ft., we have 
6*^=7706.2, whence z= 1307.4, 

^^ = 327-68 7^ = 0.12447 7; = 3.709. 

Proceeding in the same manner we shall find 

^=185.56, ^ = — 2° 34', /=5.6249, z;= 1305.5, 

the distance below the line of departure being 443.78 ft., which is 
about 63 feet less than the free fall in the time /. The amount of 
retardation in time is now i.i seconds, and the distance below the 
parabola will be found to be 118 feet. The negative value of ^ 
shows that the projectile is now in the descending branch. 

Finally, if we take :x: = 4ooo yds. =12,000 ft., we shall have 
S^= 8786.2, whence 2 = 1 156.2, and we shall find 

y = — 42.00, ^ = — 6° 15', /=8.0726, v = ii6o,^. 

The projectile is now below the horizon of the piece, although the 
corresponding point of the parabola is still 160 feet above the same 
plane. The retardation in time is now over two seconds. 

Practical Problems, 

Case I. 

Given the initial velocity and the range ^ to find the angle of depart- 
ure ^ the angle of fall ^ the time of flight, and the final velocity. 

Let X denote the range, w the angle of fall, T the time of flight, 

* Of course the projectile is at an altitude much less than that it would have reached 
had it been unresisted, but it is not so far below the line of departure, because, except at 
the origin, the resistance acts in a direction whose inclination is less than that of the line 
of departure. 
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and f. V. the final velocity. These are the values of x, — ^, /and v 
respectively, corresponding toy = o. Let Z denote the correspond- 
ing pseudo-velocity. Putting y = o in the second of the ballistic 
formulas, and ^ = — w in the third, we have 

C [ A^—Ay -| 

2C0S^^L^z — ^r y 



tan = 



C 

tan 0) = rPil^z — ^rl — tan^. 

2 cos*^*- -' 

Hence we have, for this case, the following formulas, of which the 
second and third are derived from the two equations just written : 

X 

Sz=Sy-{--^y (l) 

sin2^=c[^J=A-_/^], (2) 

- Z COS ^ , . 

f. V. = (5) 

cos (0 

When 6y as found by (2), is small (say less than 5°), the difference 
between the values of cos w and cos 6 is so small relatively to that of 

cos $ that the value of ^ is very close to unity. Thus, multi- 
cos B 



COS^ CO 



plying equation (3) by r^= ^> we have the approximate formula 

Example : A shell weighing 500 pounds is fired from a lo-inch 
B. L. R. with an initial velocity of 2000 f. s. What must be the 
angle of elevation to obtain a range of 10,000 yds., the jump being 
-|- 5' ? Calculate also the angle of fall, time of flight, and final 

velocity. 

X 
We have in this example C=5, X= 30,000, —^ = 6000, 

6*^^=4466.2 -^;^= 76.26 /;^= 0.04224 7^=1.689. 
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Thus, by equation (i), 6'^= 10466.2 ; whence by Table I, 



Z 1011.5 Az 847.84 


/^ 0.26424 T^ 6. 15 1 


and A A 771 


■58 


J/ 0.22200 JT 4.462 


To calculate B we have 






—— 0.12860 

Jo 






ly 0.04224 




• 


0.08636 




C 5 






sin 20 0.43180 




20 25° 34' 56" 

6—12° 47' 28". 



Subtracting the jump, we have for the angle of elevation 

a == 12° 42^'. 
For CD we have 

7^=0.26424 

^^ 

-^— = 0.12860 

Jo 



7^— — = 0.13564 . . . 9.13239 — 10 

log i (7=0.39794 
2 log sec d= 0.02 182 

log tan <i) = 9. 55215 — 10 a>=i9°37i'. 

To find T by equation (4), since J 7^= 4.462 

CJr= 22.31 log CJr= 1.34850 

log sec ^ = 0,01091 

log r= 1. 35941 r=22.877. 

Lastly, for the final velocity, we have 

log Z= 3.00496 
log cos = 9. 98909 —^10 
log sec w == o. 02 5 99 

log f. V. =3.02004 f. V. = 1047.2. 

Example 2. — Given d, 10" ; a/, 500 lbs. ; initial velocity, 2000 f. s. ; 
jump, -f 5' ; range, 2533 yds. ; calculate the angles of elevation and 
fall and the time of flight. 

Ans, a, 1° 55' 44" ; <i>, 2° 17' 41" ; T', 4.2072 sec. 
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Example 3. — Given //, 8" ; a/, 250 lbs. ; initial velocity, 1700 f. s. ; 
range, 3500 yds. ; jump, o; calculate a, o), 7", and the final velocity. 
Ans. a, 4° 19' ; <i>, 5° 27' ; T, 7.4 sec. ; f. v. 1207 f. s. 

Example 4. — Given d, 5" ; w, 60 lbs. ; initial velocity, 2000 f. s. ; 
range, 3910 yds. ; jump, + 2' 47" ; calculate ^, a, o>, y, and the final 
velocity. 

^«j.d,4°2i'5";a,4°i8'i8";o),6°29'26"j 7;8.i9i6'; f.v.iio2.5f.s. 

Example 5. — Given ^/, 6" ; a/, 100 lbs. ; initial velocity, 2000 f. s. ; 
range, 4000 yds. ; jump, — 7' 00" ; calculate the angle of elevation. 

Ans, 4° 19' 10". 

Example 6. — Given d^ 6" ; w, 100 lbs. ; initial velocity, 2000 f. s. ; 
range, 3200 yds. ; jump, — 7' 00"; calculate the angle of elevation. 

Ans. 3° 11' 22". 

Example 7. — Given d^ 6"; a/, 100 lbs. ; initial velocity, 2000 f. s.; 
range, 5000 yds. ; jump, — 7' 00"; calculate the angle of elevation. 

Ans, 5° 59' 35". 

Example 8. — Given d, 6" ; w, 100 lbs.; initial velocity, 2000 f. s.; 
range, 7000 yds.; jump, — 7' 00"; calculate the angle of elevatjon. 

Ans, 10° 17' 5". 

Case II. 

Given the initial velocity and the angle of departure^ to find the 
coordinates of the vertex and the corresponding time and velocity. 

Let Zq denote the value of z at the vertex, at which point 9>=o, 
and let x^^ Fj, /<,, and ^0 be the corresponding values of x^ y^ t and v 
so that Y is the greatest height reached by the projectile. Putting 
V> = o in the third of the ballistic equations, p. 51, we have 

C 

tan B = 5-^ [/^ — 7^1 , 

2 cos^ ^ •■ ^0 '^-" 

from which z^ is to be found ; hence the formulas for use are 

L=Iy-\-—^^ (0 

x^=C\S^^—S^, (2) 

F=..ta„.-^^[^-/,], (3) 

2^0 = ^0 COS tf. (5) 
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Example : Find the coordinates of the vertex, etc., in the example 
on page 59 (^ having been found) ; that is to say, given 

^=2000 ^=5 d = i2° 47^'. 

By equation (i) we have 

/J Of ' n o sin 2^ «^ ^ 

2^ = 25° 35 sin 2^ = 0.43182 



whence, by the table, 

2^0=1289.9 6^^ = 7814.8 

*S'i^r=4466.2 

^^=3348.6 
By equation (2), Xq= CAS .*. 

To compute Fby equation (3), 

log J^ = 2. 42343 
log J5=3. 52487 



J*w* 




C 


\** 


\^SJ\J S\Ji^ 






I. 
1'. 


0. 

0. 


04224 




12860 j 




= 341. 


38 


'0 


--3-7925 


A,-. 


- 76. 


26 


Ty 


— 1.689 


AA-. 


= 265- 


.12 


AT: 


2.103. 


*■.— 


16743 


;ft.- 


5581 


yds. 



000. ^^ 

8.89856 — 10 . . 2^=0.079170 

7^=0.042244 



o , AA - , ^ 

8-56733—10 • -^—7^=0.036926 

log iC=o.39794 

log ^0 = 4-22384 

2 log sec ^ = 0.02183 

3.21094 ..... 1625.3 

log a:o = 4.2 2384 
log tan ^ = 9. 35610 — 10 

3-57994 • • • -^0 tan ^ = 3801.4 

y=2i76.i. 
To find /o we have 

log J 7^=0.32284 

log C=:o. 69897 

log sec ^ = 0.01091 

log /o= 1.03272 /o= 10-782. 
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Finally, for Vq , 

log COS ^ = 9.98909 — 10 

log v^='^,0i)()6s 2/0=1257.9. 

These results, and those found for the same dg,ta on p. 60, enable 
us to compare the loss of velocity experienced, the horizontal dis- 
tance covered, and the time consumed in describing the ascending 
and the descending branch of this trajectory. They are as follows, 
the initial velocity being 2000 f. s. : 

Loss of Velocity. Horizontal Distance. Time Elapsed. 

Ascending branch, 742 f. s. 55^1 ycls. 10.78 sec. 

Descending ** 211 f.s. 4419 yds. 12.10 sec. 

The considerable difference between the horizontal projections of 
the two branches and the small difference between the times should 
be noticed. The great difference in the rate of retardation in the two 
branches is also noteworthy, and a comparison of the corresponding 
losses of energy is still more striking. The kinetic energy of the 
shell at the origin, the vertex and the point of fall are respectively 
about 31 million foot-pounds, 12^ millions, and 8^ millions. There 
is also at the vertex, however, about one million foot-pounds of 
potential energy. 

• 

Example 2. — Given d, 6"; w, 100 lbs.; initial velocity, 2000 f. s.; 
0, 4°; find the coordinates of the vertex and the time of flight to that 
point. Ans. x^, 2106.6 yds.; F, 81.32 yds.; /©, 3.692 sec. 

Example 3. — Given d, 10" ; w, 500 lbs.; initial velocity, 2000 f. s.; 
By 2°; find the coordinates of the vertex and the time of flight to that 
point. Ans, x^, 1308.2 yds.; Y, 23.7 yds.; t^, 2.056 sec. 

Example 4. — Given d, 10"; w, 500 lbs.; initial velocity, 2000 f. s.; 
0, 20°; find the coordinates of the vertex. 

Ans. Xqj 7201.3 yds.; F, 1548. i yds. 

Example 5. — Given //, 10"; w, 500 lbs.; initial velocity, 2000 f. s.; 
0, 20°; find the abscissa of the point at which ^ = 5° and the velocity 
* of the shell at this point. ' Ans, x, 6051.3 yds.; v, 11 74.9 f. s. 

Example 6. — The velocity of a lo-inch shell weighing 500 pounds 
at the vertex is 1804 f s., and the angle of fall is 2° 17'; find the 
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ordinate of the vertex and the distance from its foot to the point of 
fall. * Ans. V, 23.7 yds.; X — x^, 1225. i yds. 



Case III. 

Given the initial velocity and the angle of departure, to find the 
range, the time of flight, angle of fall and final velocity. 

It is necessary in this case to find Z, the pseudo- velocity at the 
point of fall, from the equation j; = o, which, as on p. 51, gives 

Sin 2r ■ • "" 



•=<^^-^"]- 



This equation contains two functions of the unknown quantity, Z ; 
hence we cannot find it directly from the ballistic table, but must 
have recourse to the method of trial and error. 
Writing the equation in the form 

A^—Ay _ ^ , sin 2O 

in which the second member is a known quantity, we assume two 
values of Z, and calculate the corresponding values of the first 
member. Of course neither of these will be found to agree exactly 
with the known value of the second member ; but, if the values of Z 
are sufficiently near to the true one, a value very nearly correct may 
be found by the assumption that small variations in the value of Z 
produce proportional variations in the value of the functiop 

Az — A^ 
S^ — S^ 

This will be illustrated by the example below, but we have first to 
show how the two assumed values of Z are to be taken. 

Approximate Value of Z. 

An approximate value of Z may be obtained as follows : If we 
neglect the vertical component of the resistance of the air, which is 
small, especially with low angles of departure, the time /©, of describ- 
ing the ascending branch, and the time, T — /<,, of describing the 
descending branch, will each be equal to the time occupied by a 
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body falling freely (in vacuo) from the height of the vertex, K Thus 
an approximate value of the time integral, Ty^ may be found by 
putting T^=^2t^, 

Substituting the values of T and /, as expressed by the fourth of 
the ballistic equations, p. 5 1 , we have, for the approximate value 

of TV, 

T^=2T,-Ty, (2) 

The vertical component of the resistance acts in the direction of 
gravity in the ascending bfanch, and in that opposed to gravity in 
the descending branch. Hence the time /© is in reality less, and the 
time T — /« is greater, than the time of free fall mentioned above. 
It follows that 7'> 2/0; hence the value of Tz in (2) is always too 
small. 

If then we put 

we know that p exceeds unity. Substituting, we have 

or 

Tz=T^^^p{T^-Ty), (3) 

It is found that the excess of p over unity is not far from -^-^ for 
angles of departure near 5° and the usual initial velocities, and that 
it is somewhat greater for higher angles. For instance, in the 
example solved above, the comparison made on p. 63 shows that the 
excess is about i ; hence a close approximation to the value of T^ 
will be found by adding to the value in equation (2) about one 
tenth ofjhe difference 71 — TV- 

We have therefore the following method of finding two trial values 

of Z to use in equation (i) : Find the value of 7^ , as in Case II, by 

the equation 

^ ^ , sin 2^ / \ 

^.0 = ^+— ^' (4) 



thence take the value of 71 from the table. Add to this the value 
of 7^^ — 7"^ for one value of 7^, and add to the result y\^ of the 
same quantity for another. 

It is of course useless to obtain the exact values of Z corresponding 
to these two values of 7^, which are merely guides in selecting 
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by inspection of the table two trial values of Z, recollecting that the 
first value of Tz is certainly too small, and the second is not far from 
the true value. 

Having selected the trial values of Z, we next substitute them in 
equation (i), in which it will be noticed that the second member is 
the value of Ig already found, so that we may write the equation 

Az—Ay 

Sz—Sy "»• ^^^ 

When the adjusted value of Z which satisfies this equation is 
found, the solution is completed as in other cases. 

Examples : A shell weighing 250 pounds is fired from an 8-inch 
B. L. R. with the initial velocity 1700 f. s. and the angle of departure 
4° 55'. Calculate the range, time of flight, angle of fall and final 
velocity. 

We have here C=-^ = — —, log 67=0.59176, 

also « = 4°55'- 

and from ^=1700, 

^F=57oi-3 ^^=142.13 7^=0.06570 7V=2.359. 
To calculate 7^^ by equation (4), 

log sin 2^ = 9.23244 — 10 

log C=o.59i76 

~^~2 — Ti sin 2O 

8.64068 — 10 . . — ^^—=0.04372 

7^=0.06570 



7^^ = 0.10942. 
For the approximate value of T^ we have 

^^0 = 3-39 ^.0 = 3-39 

^,,= 2.36 7;^— r^=i.o3 

T^ — 7',r=i.o3 7*^=4.42 I St value. 

.10 



4.52 2d value. 

Let us therefore take for the trial values of Z, Zi= 1 1 78 andZj = 1 164, 
which correspond nearly to these two values of T^. 



EXTERIOR BALLISTICS. 67 

For Z= 1178, we have in equation (5) 

S^=S6oo.6 ^^==455.14 log J^ = 2. 49555 

^^=z=57oi.3 -^^=142.13 log J*S'= 3.46228 

J5=2899.3 ^^ = 313. 01 log -^=9. 0332 7 — 10. 

For Z= 1 1 64, we have 

^^=8718.2 ^^=474.47 log J^=:2. 52158 

^r=57oi-3 ^^=142.13 log J5 = 3. 47956 

J5=3oi6.9 J^ = 332.34 log -jj = 9.04202— 10. 

Now log /g, =9.03910 — 10; 

thus the first result is too small, showing that 11 78 is too large, and 
the second is too large, showing that 11 64 is too small. We may 
assume that differences in the value of Z are proportional to the 

differences they produce in the values of log -7^ . The difference 

between the values found is 875, and that between the last and the 
true value is 292 : hence, the difference between the trial values 
being 14, the correction to Z=ii64 is 

292 

S^ of 14 = 4.7. 

Thus the corrected value is 

Z=ii68.7. 

Repeating the process with this value of Z, we have 

6*2'= 8678. T ^^=467.79 log ^-^ = 2.51276 

•^^=5701.3 ^^=142.13 log J5=3. 47375 

JA 
J6'=2976.8 J-<4 = 325.66 log -1-^=9.03901 — 10. 

The result is so close to the value of log I^ that, considering the 
uncertainty of the last figures in the computation, we are not justified 
in making a new correction j but, if we suspect that it will be neces- 
sary to do so, it is best to make the calculation for the nearest value 
of Z given in the table (in order to avoid interpolation), and then 
correct this last value in the manner illustrated above. 
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We now find X by the formula 

log ^5=3.47375 
log C=o.59i76 

log J(r=4.o655i X=ii628 ft. =3876 yds. 

We find CD, as in Case I, by the formula 

or, as we may now write it, 

C 

tan (0= T-^\^z — /L 1 . 

2 cos' 0^ ^ ^o-" 

/2'= 0.16562 
/^, = o- 10942 

/^— 7,^=0.05619 log(/^— 7^^ = 8.74966— 10 

log C=o. 59176 

log ^ = 9-69897— TO 

^=:4°55' 2 log sec ^ = 0.00320 

log tan (0 = 9.04359 — 10 (0 = 6° 18' 32". 
T is found by the formula 

cos ^ •- -■ 

^r^ 1-359 

J7'=2.i37 log J 7^=0. 3 2 980 

log ^=0.59176 
log sec ^ = 0.00160 

log r=o.923i6 r=8.378. 

The final velocity is found by the formula 

- ., cos $ 
f. V. = Z . 

cos (0 

/f= 1 168.7 log Z=3. 06770 

log cos ^ = 9.99840 — 10 
log sec (0 = 0.00264 

log f.v. = 3.06874 f. ¥. = 1171.5. 
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The time in the descending branch exceeds that in the ascending 
branch, in this example, by about ^. 

Example, 2. — Given //, 6"* w, loo lbs.; ^, 4°; initial velocity, 
2000 f. s.; find the range and the angle of fall. 

Ans, X, 3866.5 yds.; w, 5° 42' 26". 

Exaviple 3. — Given //, 5"; w, 60 lbs.; ^, 3°; initial velocity, 
2000 f. s.; find the range and the angle of fall. 

Afis, Xj 3022.5 yds.; w, 4° 9'. 

Example 4. — Given d, 6"; w, 100 lbs.; By 3° 23'; initial velocity, 
2000 f. s.; find the range and the time of flight. 

Ans. Xy 3434.3 yds.; T, 6.6478 sec. 

Example 5. — Given d, 8"; ze/, 250 lbs.; ^,5° 50'; initial velocity, 
1700 f. s.; find the range. Ans. 4412.7 yds. 

Example 6. — Given //, 8"; ze/, 250 lbs.; tf, 4° 20'; initial velocity, 
1700 f. s.; find the range. Ans, 3513.5 yds. 

Case IV. 

Given the range and the angle of departure, to calculate the initial 
velocity. 

This problem arises when, the initial velocity not having been 
measured with the chronograph, it is necessary to deduce it from 
observed results. 

We have in this case to find two unknown quantities, V and Z, 
so as to satisfy equations (i) and (2) of Case I, namely, 

^z ==^ ^y -\- -7^, f 

A;r — Ay sin 2O 

or, as we may write them, after substituting in the second equation 
the value of 5^ — Sr from the first, 

Sz=Sy-{- ^,, (i) 

X X 

^z—A, — -^ Ir= ^,^\ri 2$ . (2) 

It is necessary to employ the method of trial and error. Assum- 
ing a value of F, a corresponding value of Z is determined by (i) ; 
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the result of substituting these values in the first member of (2) is 
then compared with the known value of the second member. If 
the result is too small, sin 2$ should be smaller in order to satisfy 
equation (2) ; that is, $ would have to be smaller to obtain the given 
range with the assumed initial velocity ; therefore V is too great. 
On the other hand, if the result is too great, Fis too small. A new 
value of V is now assumed in accordance with this indication, and 
the method of trial and error applied as in Case III. 

Example: At the Proving Ground, Annapolis, May, 1888, the 
mean of five shots with the 250-pound common shell from the 8-inch 
B. L. R. gave A'=6oo2 yds., ^ = 8° 35'. The thermometer indi- 
cated 83°, the barometer 30"; find the initial velocity. 

The computation may be arranged as follows : First finding log 8 

C 

by the method of Chap. IV. and taking C ^-5-, since /= i and 

log 8 = 9.98058 — 10 

c=^^ log (7=0.59176 

log C = 0.61118 

A'= 18006 log A'= 4.25541 

X X 

log -^,=3.64423 —=4407.9 

colog C = 9.38882 — 10 
2^=17° 10' log sin 2^=9.47005 — 10 

X 

2.50310 ^2sin 2^=318.49. 

Assume F= 1 700, whence 
Sy= 5701-3 ^^=142.13 7;^= 0.06570 

— ,= 4407.9 log /;,.= 8.81757— 10 



5^=10109.2 .-. ^^=757.57 



X 



Az--Ay= 615.44 log ^= 3.64423 

X 

=7/^=289.60 . . 2.46180 

325-84 
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The result being too great, V is too small ; let us now assume 
F= 1720. 

Sy= 5612.4 ^^=136.38 7^=0.06375 

X 



-^= 4407.9 
^^^10020.3 .4^ = 736.28 



log 7^^ 8.80448 -»- 10 



X 



A^—Ay=sgg,go log -^ = 3.64423 
j^ 

-^7^=:28l.OO . . 2.44871 

318.90. 

The result is too great; therefore V is still too small. The 
difference between the results is 6.94, and the error of the last is 0.41 ; 

hence the indicated correction to ^=1720 is -z — of 20, or 1.2. Let 

694 

us then try F= 1 72 1. 2 : 

Sy= 5607.2 ^^=136.05 7^=0.06363 

X 



-^= 4407.9 

*S'^=iooi5.i ^^ = 735.04 



log 7^=8.80366 



X 



A^—Ay=sgS.gg log -^ = 3.64423 



X 



-7^ = 280.47 . . 2.44789 



318.52. 



The result is still too great, but the correction indicated is too 
small to require recomputation ; hence we have for the final result, 

^=1721. 2. 

Example 2. — Given d^ 3" ; w, 7 lbs. ; X^ 2000 yds. ; ^, 8° 29' ; find 
the initial velocity. Ans, ^=935.5 f. s. 

Example 3. — Given d^ 10"; a/, 500 lbs. ; X^ 9527 yds. ; ^, 12^47' ; 
find the initial velocity. Ans. V= 1920.9 f. s. 
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Case V. 

Given the initial velocity, and the coordinates of a point to be hit, 
to find the angle of departure, the angle of elevation, etc. 

Let s be the inclination of the line joining the point (x, y) of the 
trajectory to the origin, that is, the angle of sight when the point 
(x, y) is aimed at ; then 

y 

— = tan s. 

X 

Since x and y are given, as well as C and V, we have in this case 
to find z and $ from the first two of the ballistic formulas, p. 5 1 , which 
may be written 

S, = S^+^,> (i) 

C'sec^^r^,— ^^ ^-| ' , 

tan^ — tan j = ^ _^ /^ I- (2) 

Now, a being the angle of elevation, so that a^=0 — s, 

tan — tan s 



tana = 



I + tan tan s 



Therefore, dividing by i + tan ^ tan s, equation (2) may be written 



_ I + ta n'^^ C \ -A^—Ay n 
tan^-x+tan^tan^TL^.-^^"" d 



I + tan'^ e CfA^—A^ 
I -|- tan tan s 

or putting 



I + tan'^ e . , . 

--I+€, (3) 



1 -f- tan tan s 

C rA.—A 



tana=(.+c)^[^^^-/.]. (4) 

Subtracting unity from each member of (3), 

tan ^ (tan ^ — tan j) ^ ^^ , x 

t= 5^ y: ^ = tan ^ tana. (5) 

I + tan ^ tan J ^^^ 

The value of c is very small, especially when and a are small 
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angles ; an approximate value of a, say a^ , can therefore be found 
by neglecting c in equation (4),* and then 

^=a + s 

gives a corresponding value, O^y of 0. Using these approximate 
values, c is computed by (5), and then a more accurate value of a is 
determined by equation (4). If the values of a and $ differ greatly 
from the approximate values, it may be necessary to compute c again 
and readjust the values of a and 0. 

Example : A shell weighing 100 pounds is fired from a six-inch 
B. L. R. with an initial velocity of 2000 f. s. What must be the 
angle of elevation to hit a point whosecoordinates are ^ = 3500 yds., 
j/=5oo yds.? 

We have here 

^100 I 

jc=:ioqoo, C= — 7- > tani'= — * 

^ 36 7 



whence 

X 



= 3780, J==8°7'48", 



and from the table, since V=^ 2000, 

»S';^=4466.2 Ay^=^ 76.26 7^=0.04224 

X 



3780. 



6*^ = 8246.2 ^^ = 400.52 

^^ = 324.26. 

* If, in equation (4), we put e = tan^a, the approximate formula is 

which is the same as the formula for tf, when x is the horizontal range. (Compare equation 
(2), p. 12.) The result of the hypothesis of the "rigidity of the trajectory" is a somewhat 
larger value of a, because it is the value of d corresponding to the actual distance con- 
sidered as a horizontal range. It is a better first approximation than ai , when ^ is positive 
or, being negative, is small relatively to a and B. But the latter is sufficient for the 
purpose of determining e, and is more convenient, for then the value of log tan a used in 
computing e is the quantity which must in any event be found for use in equation (4). (See 
the example below.) 

When s is negative ; if a is numerically smaller than j, so that is negative ; or if a is 
numerically larger than s but near it in value, so that is relatively small, the result of 
neglecting e gives a better approximation than the hypothesis of the rigidity of the 
trajectory. 
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For tan aj , the approximate value of tan a, equation (4) gives 
log J-<4 = 2.5 1089 



X 



log-^ = log ^S = S'57749 
log -^ = 8.93340 



^^^ LAS ~ ^'^J "^ ^-^3901 — 



log — = 0.14267 
2 



10 



— = 0.08578 
//^= 0.04224 

^3:—/^'= 0.0435 41 



log tan aj=:8.78i68 — 10 

To compute c, 

log tan ^j = 9. 3 1 200 — 10 



whence 



log c=: 8. 09368 — 10 
€=0.01241 and 



a,= 3° 27' 42'' 

J = 8° y 48" 
^, = 11° 35' 30" 

log (l+c) = 0.00535. 



Therefore, for a more accurate value of a we have in equation (4) 

log tan 0^ = 8.78x68 — 10 
log (i+c) =0.00535 

log tan 0^=8.78703 — 10 a.^= 3° 30' 16".. 

If we recompute c , we shall find 

€=0.0x261 and log (x + c) = 0.00544; 

whence, finally, 

log tan 0=18.787 12 — xo a=: 3° 30' 18'' 

s= 8° 7' 48" 

^=xi° 38' 6". 

Example 2. — Given ^, 6"; w, 100 lbs.; initial velocity, 2000 f.s. ; 
^i 3500 yds. ; y^ — 500 yds. ; find the angles of elevation and depart- 
ure. Ans, a, 3° 26' 40"; ^,—4° 41' 8''. 

Example 3. — Given d, 6" ; a/, 100 lbs. ; initial velocity, 2000 f. s. ; 
X, 3000 yds. 'j y, 61.85 yds. ; find the angle of elevation. 

Ans, 2^ 49' 10". 



CHAPTER VI. 
Miscellaneous Examples. 

1. Given d, 5"; w, 60 lbs.; I. V., 2000 f. s., and $, 3°; find the 
range on the horizontal plane through the muzzle and the angle of 
fall. Supposing the gun to be mounted 10 feet above the water, 
apply an approximate correction to the completed range in order to 
find the range on the water. Ans, X, 2925 yds. 

CO, 3° 56' 20". 

Cor., 48 yds. 

2. Given d^ 10"; w, 500 lbs.; I. V., 2000 f. s., and 0, 2°; find 
the coordinates of the point at which <p =0. 

Arts. Xq, 1308.2 yds. 
Fo, 23.7 yds. 

3. Given d, 5"; I. V., 2000 f. s.; ze/, 60 lbs.; Xy 3000 yds.; find 
$ and a». Ans. $, 2° 58' 

0), 4° 6' 

4. Given d, 5"; I. V., 2000 f. s.; w, 60 lbs.; 0, 4°; find x^ and K. 

Ans, Xq, 2028.9 y^s. 
y, 78.79 yds. 

5. Given d, 5"; I. V., 2000 f. s. ; w, 60 lbs. ; $, 4° 22'; find X 
and T. Ans, X, 3919.3 yds. 

T, 8.222^ 

6. Given for the Hotchkiss 6-pdr. R. F. gun d, 2.24"; w, 6 lbs.; 
I. v., 18 1 8 f. s. ; X, 3000 yds.; jump, -{- 2' 10"; /, coefficient of 
form, 0.9 ; find 0, <o and the approximate dangerous space, at the 
given range, for an object 20 feet high. Ans. 0, 4° 42' 48". 

0), 7 12 50 . 
D. S., 52.7 yds. 

7. Given //, 8"; w, 250 lbs.; I. V., 2000 f. s. ; $, 10°; find ^0 
and F. Ans, x^, 4401 yds. 

Yy 445 -S yds. 
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8. Given d^ 8"; w, 250 lbs.; X, 3228 yds.; 0, 3° 55'; find the 
initial velocity. (I. V. about 1700 f. s.) Ans. I. V., 1695.3 f. s. 

9. The Hotchkiss 6-pdr. common shell has an ogival head of 2^ 
calibres radius, and the correction for shape of heads is 0.9. Given 
for this gun //, 2.24"; w, 6 lbs.; I. V., 1800 f. s.; ^, 4°; find the 
coordinates of the vertex. Ans, x^, 1470 yds. 

Yy S^-^Z yds. 

10. Given d^ 10"; a/, 500 lbs.; I. V., 2000 f. s.; T, 3,2*; X, 2000 
yds.; find the angle of fall, the approximate height of the vertex and 
the approximate dangerous space for a ship's broadside 21 ft. high. 

Ans. V, 41.216 ft. 
0), 1° 42' 59". 
D. S., 233.59 ft. 

11. Given //, 6"; a/, 100 lbs.; I. V., 2000 f.s.; permanent angle, 
0° 54'; distance between sights, 66.81"; jump, + 4'; X, 3000 yds.; 
use Siacci's formulas and find the angle of elevation, the time of 
flight and the sight-bar height for the given range. 

Ans. $, 2° 49' 02". 
a, 2° 45' 02". 
T, 5.6178. 
If, 3.2094". 

12. Given, for the 10" B. L. R., I. V., 2000 f. s. ; w, 500 lbs. ; 
jump, +5'; -^, 10,000 yards ; find 0, a, T, w, z', v the true final 
velocity, the approximate height of the maximum ordinate and the 
dangerous space for a target 2 1 feet high, the gun being 9 feet above 
the water. 

Ans. 0, 12° 47' 27". T, 22.878'. S, 19.636 yds. 

a, 12° 42' 27". zf, 1047.2 f. s. V, 702.2 yds. 
0), 19° 37' 24". jg', 1011.5 f. s. 

13. Given d, 5"; w, 60 lbs.; I. V., 2000 f. s., and 0, 1°; find the 
time of flight, range and angle of fall, approximately, and the dan- 
gerous space for a target 21 feet high, the gun being mounted 9 feet 
above the water. Ans, 7*, 2.168*. w, 1° 14' 16". 

X, 1296 yds. S, 335.54 yds. 

14. Given d, 12"; w, 850 lbs.; I. V., 2100 f. s.; X, 14,000 yds.; 
calculate $, w, 7* and the final velocity. Ans, 0, 18° 57' 57". 

o), 29° 40' 20". 

r, 33.68». 

f. v., 1052 f. s. 
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15. Given d^ 12"; a/, 850 lbs.; I. V., 2100 f» s.; ^, 18° 57' 57"; 
calculate x^^ V, v^ and /o. Ans. x^, 7912 yds. 

Z^o, 1 1 76 f . s. 
y, 1594 yds. 
4, 15-742'. 

16. The velocity of a 12" shell, a/ 850 lbs., at the vertex of its 
trajectory, is 11 76 f. s., and the angle of fall is — 29° 40' 20"; cal- 
culate the distance from the foot of the ordinate of the vertex to the 
point of fall and the corresponding time of flight. 

Ans, Dist., 6275.3 yds. 
T, 18.316*. 

17. Given I. V., 2000 f. s.; d, 6"; w, 100 lbs.; I^, 2000 yds. on 
the horizontal plane through the gun; find and w. Find an 
approximate correction to be applied to the given range in order to 
determine what the range would be on a horizontal plane 18 feet 
below the gun. Ans. 0, 1° 41' 20". 

0), 2^ 02' 15". 
Cor., +164 yds. 

18. The observed range of a 12" shell, a/, 850 lbs.; I. V., 2100 
f. s. ; thermometer, 52°; barometer, 30.60, being 5000 yards, cal- 
culate what the range would be under the standard atmospheric 
conditions of the ballistic tables. Ans» -^'=5034 yds. 

19. Given d, 12"; w, 850 lbs.; I. V., 2100 f. s. ; $, 0° 39' 38"; 
X, 1000 yds. ; calculate the final velocity, the time of flight and the 
approximate height of the vertex. In this case, and w being small 
angles, the final velocity will not differ appreciably from Z. 
Calculate, also, the penetration of the shell, at the given range, in 
steel armor. The formula for the penetration in inches, c, in thick 
plates of Creusot steel is 



€^^= [6.99066 10] 



d\ 



The quantity in brackets is the logarithm of a constant, w the weight 
in pounds, v the velocity in feet per second, and d the diameter in 
inches. Ans, f. v., 1964 f. s. 

r, 1.478'. 

F, 8.7666'. 

CO, 0° 47' 37". 
c, 21.958". 



CHAPTER VII. 

Correction of the Fire of Guns for Wind, and Motion of 

Gun and Target. 

General Discussion. — Among the principal causes of variation 
in range and deviation in direction of flight of rifled projectiles, 
independent of the errors of the gun itself, are the influence of the 
wind and the motion of the gun. The motion of the target, if not 
allowed for, also affects accuracy of fire. 

The errors due to the above causes are corrected when the amount 
of the errors is once determined by setting the sliding leaf of the 
sight-bar in the direction in accordance with the rule given in 
Chapter I. 

The divisions on the sliding leaf of the navy sights are marked 
in knots, the distances to the right or left of the center mark being 
computed for a fixed range of 2000 yards, to correct the deviations 
which would occur at that range for the combined speeds producing 
deviation of the gun and target at right angles to the line of fire. 
For other ranges, the time of flight being not exactly proportional 
to the range, the correction made will be not quite exact but very 
approximate. In practice it is usual to estimate the effect of the 
wind, in divisions on the leaf, and to set it accordingly for the first 
trial shot — correcting the setting for the next shot — but it would be 
of advantage if a rough table was constructed showing the effect of 
the wind at various ranges for different velocities of the wind. 

Helie's Formulas for the Effect of the Wind. — To com- 
pute approximately the effect of the wind we have the following 
formulas, based on the assumption that the deviation in range and 
laterally is proportional to the velocity of the wind in the two direc- 
tions respectively, neglecting the areas of cross section of the pro- 
jectile and taking account of the time the projectile is in the air. 

In vacuo, the horizontal component of the velocity being v cos ^, 
the range would be tv cos ^, and if in air the range is R, The 
difference tv cos — -^ is due to the resistance of the air — or it may 



EXTERIOR BALLISTICS. 



79 



or 



be considered as due to a gradually diminishing wind — of which the 

original velocity is v cos ^ ; then we have, calling ^ the angle made 

by the direction of the wind with the line of fire, the following 

proportion : 

d vt cos ^ — R 

a/ sin )8 v cos ' 

d^w sin ^[t >. ) 

\ • vcosOy 

for the deviation laterally, and 

d' = w cos Q[ t -. ] 

V ^ cos 6 J 

for the deviation in range. The equations give approximate results 
only. 

The Motion of the Gun. — In this case the projectile as it leaves 
the gun is supposed to have a velocity equal to and in the direction 
of the motion of the gun itself. Now if we can consider the motion 
in this direction as practically unresisted by the air, an approximate 
solution is very easily reached. 




On the above hypothesis consider Fig. i as the horizontal plane 
through the point O at which the gun is situated. Suppose the gun 
to be moving toward B with a velocity U, and if OE is the line of 
fire, -£ being the point of fall of the projectile with an initial velocity 
^and angle of elevation a when the gun is stationary. And if X 
is the range and T the time of flight corresponding to these data, 
and if the projectile during the time Thas a uniform velocity in, the 
direction of OB equal to U, then at the end of the time T it will 
fall at B ; EE' being equal and parallel to 0B= UT, 

The time T and range X can be found from formulae in which 
they occur as functions of V.a., or may be taken from range tables. 



8o 
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For ranges, then, at angles of elevation less than 5°, we may with 
close approximation take 7* for a range X that would be given for an 
initial velocity Fand angle of elevation a. 

Thus approximating, we have from the triangle BE^ O, the line 
BE' = X, 

X, = Xl+ U^ T^ -\- 2UTX cos e. 

But U^T^ is very small when compared with XI, and may be 
neglected, or multiplied by a quantity less than unity, cos^ say, and 
we have 

X^ = X-^ C/TcosO. (i) 

From the similar triangles OCpi and OEE' we have 

sin a _ U _UT 
sin(^— -8)"" Tcosa" X 

or ^ sin 8= ^r sin (O — l), 

Since 8 is always a very small angle and vanishes when ^ = 0, 
we may write sin for sin (0 — 8). Again, the sine and tangent of 8 
are sensibly equal, and if the lateral deviation is (X tan 8) , we have 



d= UT sin B . 



(2) 



From formulas (i) and (2) we see that the sign of the second term 
of the second member of (i) is positive for values of ^ between 0° 
and 90°, and negative for values between 90° and 180°; being 
taken as a positive angle and reckoned from the line of fire on either 
side abound to the rear of the gun. d is always positive. 

The Motion of the Target. — Let Fig. 2 be the horizontal 
plane through OS, 




Fig. 2. 



If the target is at S, Fig. 2, and moving with a velocity U toward 
By the line SB making an angle 8 with the line of fire OS, the gun 
being fixed at O, At the end of the time T ( /"being the time for a 
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shot to travel the range ^or OS), the target will have arrived at 
some point £, and BS= UT, 

Now the gun must be so aimed that the shot will fall at B at the 
moment the target arrives at that point, hence the sight bar must be 
set for a range X^ and the sliding leaf to allow for a lateral deviation 
^Cat the range Xj. We have BC= UT ^m 8, and *S'^r= UT cos 8; 
and since <p is always a small angle, we have approximately 

X^ = X-\-UTcosh, (3) 

d=C/Tsine. (4) 

If //' is the lateral deviation for the range X, it will be found practi- 
cally to differ but little from ^, and may be used in its stead. 

^is always positive, and the second term of the second member of 
(3) is positive for values of ^S" between 0° and 90°, and negative for 
values between 90° and 180°, 8 being taken as a positive angle and 
reckoned from the line of fire on either side around to the rear of 
the gun. 



CHAPTER VIII. 

On the Preparation and Use of Range Tables. 

General Discussion. — A range table should contain all the 
information which is necessary in order to use effectively any given 
projectile. Since, in the use of naval guns, the angle of sight (see 
Chapter I for definition of term) is generally small, the trajectory 
may be assumed sensibly rigid ; or, in other words, the sight bar 
may be used without regard to what may be the (small) elevation 
or depression of the target. 

If the ranges are to be computed for various angles of departure, 
by the methods indicated in Chapter V, it is evident that the jump 
angle must be known; since without this the .angles of elevation 
cannot be found at all. This being known, successive values of the 
angle of departure i°, 2°, 3°, etc., are assumed, and the ranjges, times 
of flight, greatest ordinates, and angles of fall corresponding are 
found. This method will give good results for projectiles of a form 
similar to those from which the tables were made ; but, if the cost of 
firing a gun a large number of times is not too great, or if some other 
question of convenience does not forbid it, it is better to form the 
range table by experiment. 

In order that a range table may be of value, it must tell the range, 
time of flight, etc., when referred to the proper plane. The best 
plane of reference is a matter of choice, but the horizontal plane 
through the muzzle or that through the trunnions is usually taken. 

Data a complete Range Table should contain. — At the 

top of the table, and not in the columns, should be found the 
following data: Calibre of gun, weight of projectile, radius of gun, 
weight of charge, kind of powder, initial velocity, angle of jump, 
kind of carriage, permanent angle, and it should be stated whether 
the table has been determined by experiment or by computation. 

In the columns from left to right should be found the following : 
Range in yards (every 100 yards), angle of elevation, time of flight, 
angle of fall, remaining velocity, mean error in range, mean error 
in direction, mean vertical error, penetration in steel armor. 
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These data are absolutely necessary. The following are useful and 
should be given if obtainable : The per cent, of change of range in 
yards due to an increase or decrese of initial velocity by loo f. s. ; 
the variation in range at each range allowable in order to hit an 
object of average height of ships, say 20 feet, forming a column by 
itself. 

To Range a Gun by Experiment. — This is done by setting 
the axis of the bore by level or by quadrant to certain well chosen 
angles of elevation, and the gun being fired, the ranges and times of 
flight are measured. These quantities must then be referred to the 
horizontal plane of reference before mentioned, which is usually that 
through the trunnions. The shots should be fired under identical 
conditions, so far as is possible, accurate records being kept of the 
barometer and of the wet and dry bulb thermometers. The ranges 
and times of flight are then reduced to what they would have been 
had the density of the air been that of the standard adopted. The 
charges and projectiles are accurately weighed, and an accurate 
record of the range for each shot carefully retained. Several shot 
are fired at each angle, not less than five, and from the records 
sufficient data are obtainable to supply all that is necessary to compute 
the gun's probable rectangle, or the mean errors in range and direction 
for each range. 

Suppose that on the proving ground several successive shots at 
each elevation have given the following results ; these being corrected 
for the jump, effect of the wind, and density of the air : 



gles of Departure. 


Mean Ranges 


1° 48' 


1048 


2° 48' 


1590 


5° 48' 


2465 


7° 48' 


3292 


10° 48' 


4108 


15° 48' 


5245 



In order to prepare a range table from this data, we may proceed 
as follows. Draw rectangular axes : take that of X for the ranges, 
using the scale, say i inch= 500 feet; and that of Ffor the angles 
of departure, using i inch = 1°, say. Lay off the points and draw a 
smooth curve through them. This curve will pass through the 
origin, making with the axis of abscissae an angle whose tangent is 
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^ — , « being the magnitude adopted to represent i^^m that 



2V^ TT m 



which represents i foot, and v is the muzzle velocity. The curve will 
be convex towards the axis of ranges, its curvature will increase as 
we go from the origin until it becomes tangent to the ordinate which 
corresponds to the maximum range. 

From the curve so drawn, take off the angles of departure corre- 
sponding to the ranges in increments of 500 yards, thus forming the 
following table : 

Ranges. Angles. J J^ 

O O 

44 
^00 44' II 

1000 99' ^/^ 10 

1500 164' ^ 8 



,/ 



73 



2000 237' ;- 9 

/ o2 

2500 319' ^ 7 

3000 



408' ^9 



From this we find (see Ray's Algebra, Art. 335), calling ai«oo , aiToo> 
etc., the angles of departure at 1600, 1700, . . . , yards, 

ai6oo=i64+y(73 — ^.8)=i77-88', 

ai,oo=i64+ yf 73— ^-pj^ipa-ia'. 

and so on. It is not desirable to retain anything beyond the nearest 
minute. 

Range Table by Experiment — Second Method. — To this 
end the gun would be laid a number of times at successive angles 
of inclination by a spirit level and fired ; and the mean ranges found 
be called the range due to this angle. If the firing take place over 
the land, the points of fall would be found accurately by measure- 
ment ; but if it takes place over water, these points must be observed 
by two plane tables, one at the gun and the other at a point which will 
give the best cut. In either case, the planes on which the ranges are 
measured would probably not be the horizontal plane through the 
gun, the plane to which the ranges must be referred ; and we must 
apply to the angle at which the gun was laid by spirit level, a correc- 
tion such that the resulting angle shall be the angle of elevation. 
In the figure, let A be the position of the gun at height h above 
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BT^ the plane on which the range R is measured; let T be the 
point struck, and B be vertically under A, It is to be remembered 
that in all actual cases R is very great compared with h. The angle 




fi would be that given by the spirit level ; and since AT is the line 
of sight, 13 -{-s is the angle of elevation. Also 



tan J = -5- 
R 



The observation is then recorded that, with an angle of elevation 
)8 + J, a range R was found. Obviously, if we slowly raise the sight- 
bar, if one had been fitted before the gun was ranged, until we see 
the point T across the sights, we may put a scratch across its face 
and write the value of R on it. As, however, the bars are usually 
marked in even hundreds of yards, this would not be the best way to 
proceed. 

If possible, the experimental firing should take place in standard 
conditions of barometer and thermometer, and the^ ranges and 
deflections corrected for the effect of the wind. 

Suppose, then, that a number of shots had been fired within the 
limits within which it was intended to establish the range table, pro- 
ceeding by increments of 2° say, and that these had been corrected. 
In order to find the permanent angle / (see figure in Chapter I) , 
it is usual to take the deflections at some considerable angle of 
elevation, to compute its value (see figure already mentioned). 
If it should be found that the permanent angle so computed at a 
selected angle does not properly correct for the observed deflections 
at other angles, the sight bar might be left vertical, and a table con- 
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structed showing the amount of lateral motion to give the sight notch 
at each angle. 

There will remain, since the correct determination of the permanent 
angle will cause the shot always to fall in the vertical plane containing 
the line of sight, a series of observations connecting angles of elevation 
l3-\-s (the angle s is sometimes called the additional angle) with 
range. Since, in the general case, R is sensibly equal to V R^ + h\ 
we may record the former as the range. Also, in the sight-bar 
triangle {ABC, Chapter I), the angle BACis the angle of elevation ; 
and since AB is known, being the distance between sights, we may, 
having any number of relations connecting range and elevation, find 
the corresponding ones connecting range and sight-bar height. In 
case the bar is set at a permanent angle /, we may obviously (see 
figure. Chapter I) mark the line B C which represents the sight-bar 
in this case. 

We may then, to mark the sight-bar and determine the range table 
completely from the data we have, take either angles of elevation 
and ranges or sight-bar heights and ranges. If we take the former, 
we might proceed as described in the first method. Or else, assuming 
a proper analytical form for the law connecting angles of elevation 
and range, compute the constants in the assumed equation by the 
Method of Least Squares. The latter method, when carefully chosen, 
probably involves less labor than the former, and is certainly more 
satisfactory and accurate. 

The form of the relation connecting angles of elevation and range 
is not known. In a non-resisting medium it is 

sin2a=^i?; 

and this indicates that we might hope to get good results by assuming 
such form as 

sin 2a ^= aR -\- bR^ ; 

since the true form is doubtless more complex. For small angles 
(up to 5° or 6°) a more convenient form for computation would be 

a = aR^ bR\ 

In the use of this, by taking a in minutes of arc, it would be a fairly 
large quantity, and a and b would not be so small as they would be 
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if we took sin- 2a. In case there is jump, we may then finally 
adopt the form 



where $ is the angle of departure. 
Therefore, writing in the form 

e 



R 



= b-^cR, 



we have only b and c to determine by least squares. 



Example. 



(0 



Data for Ranging the 6-pdr. Hotchkiss R. F. Gun. 

Place y Naval Ordnance Proving Ground, Annapolis, Md. ; /. W.y 1804 

C 
f. s. \ jumpy +2^ 10^''; ze/, 6 lbs. ; d, 2.24^^; i, 0.9; log — 0.12341 ; height of 

gun above water ^ 24.5 feet ; radius of gun ^ 37.16'''' ; permanent angle ^ 2°. 



No. 


No. 

of 

Shots 


Mean 

Range 

on 


Quadrant Angle. 


Time 
of 


Wind. 


, ■ 

Barom. 




of 






Therm. 


Group. 


in 
Group. 


Water. 






Flight. 


Direction 


Force. 










yds. 






sec. 


\ 


f. s. 






I 


5 


422.2 


n" 


45' 00" 


0.8 


ti 


6.1 


30.28 


78° 


2 


10 


(>%z.Z 








1-3 




calm 


30.25 


76° 


3 


3 


1285.3 


1° 





2.7 


it 


2.0 


30.25 


84° 


4 


5 


2315-0 


3° 





5-3 




calm 


30.25 


76° 


5 


S 


2780.4 


4° 





7.0 


(I 


5-1 


30.29 


81° 


6 


5 


Z-i^Z^^ 


5° 


l' 10" 


8-3 


a 


4.2 


30.30 


82° 


7 


4 


3936.0 


f 





II. 


ti 


4.2 


30.30 


84° 


8 


S 


4595-0 


9° 





13-3 


{( 


4.3 


30.30 


84° 



To construct a range table for this gun, using the above data, 
but for an initial velocity of 18 18 f. s. instead of that used in the 
firing, we proceed as follows : 

1. Find s and $ \ = Quad. Angle +/+ ^' 

2. Correct the observed range for 8, the variation of the barometer 
and thermometer from the standard (see Chap. IV). 
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3. Correct the observed range for the influence of the wind. • 

4. With range corrected for wind and S, compute ^ for I. V. 18 18 
f. s., and also for 1804 f. s. The difference of the two angles gives 
a correction to be applied to to find what that angle would have 
been had the I. V. been 1818 f. s. instead of 1804 f. s. 

5. With the corrected values of $ for each range, and using the 


formula -^=d -\- cJ^ ; determine if and c by least squares. 

Following this method in the above case, the following equation 
connecting and /^ was deduced ; being given in minutes of arc. 

^ = 0.048535^ + 0.000015309^?*^ I (2) 

Using this equation for any range X, the corresponding angle 
was deduced. Applying the angle of jump, the angle of elevation 
was found, and thence the sight-bar was marked for the ranges at 
intervals of 100 yards. 

To find the ang/e of fall, we proceed as follows : If w is the angle 
of fall for any range R\ or in other words, if the trajectory be 
assumed rigid, w is the angle between the radius vector to the curve 
and the tangent, we have 

Rde 



tan (I) 



dR 



(See Rice and Johnson's Calculus, Art. 317.)' 

Then, from equation i, in units of circular measure, we have 

tan o) = — TH" = sin i^bR + 2 sin \UR^ . (3) 

In this particular case, 

tan o) = 0.0*14119^ -|- 0.0^89068^^, 

from which the angle of fall w was computed for the range R. 

Thus the equations derived give a quick and easy method of 
finding the angles of elevation and proje^ction and angles of fall. 
The time could similarly be found for all intermediate points ; the 
curve drawn between time of flight and angles of elevation is 
evidently nearly straight. There is only one assumption made 
which requires justification ; this is that the range on any line is 
independent of the inclination of the line to the horizontal. For 
small inclinations, and when the attainable accuracy in all respects 
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is considered, it is evident that we shall come as near the truth by 
this means as any other now available. 

For the 8" gun, mark II, I. V. 1700 f. s., jump 0°, 

^ = 0.055754-^ + 0.0000051222^^, 
tan (i>= 0.0*162 18^ + 0.0*298^^ 

To find the Value of 1, the Coefficient of Form, from the 
Results of Actual Firing, with a Projectile diflFering 
from the Standard. 

Example. — The data is as follows : 

X^ corrected for wind = 2785 yards ; 
barometer, 30.29; thermometer, 81° F. ; 

log 8 = 9.98658 — 10; log-^ = 9.90893 — 10; 

I. V. = 1804 f. s. ; radius of head of projectile, 3 calibres. 
We have the equations (1) and (2), Case IV, 

X C ^^ 

Assume a value of-^, =— ; find A ^ horn (i) and thence S^, if 

(2) is satisfied, then we have the correct value of-^; otherwise 

take the value obtained from (2) as a second approximation. This 
approximation is very slow, but in practice may be hastened. 
In this manner was found from the above data, 

log -^=9.86610 — io = log--^; .-. tP = .go6ii. 

But p for the given range being very close to unity, t'P may be 

C 

assumed=:/, .-. / = 0.9 as a general value, log— r- = 0.12341 for 

t 

this projectile. 
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TABLE L 



8, 



3600 

3590 
3580 

3570 
3560 

3550 
3540 

3530 
3520 

3510 

3500 

3490 
3480 

3470 
3460 

3450 

3440 

3430 
3420 

3410 

3400 

3390 

3380 

3370 
3360 

3350 
3340 

3330 
3320 

3310 

3300 
3290 

3280 

3270 

3260 

3250 
3240 

3230 
3220 

3210 



000.0 

21.1 
42.2 

63.4 
84.7 

106.2 
127.7 
149.2 
170.7 
192.2 

213.8 

235-5 

257.4 
279.4 

3014 

3234 

345.4 

367.5 
389.6 

411.9 

434.3 

456.8 

479-3 
501.8 

524.3 

547.0 

569.7 

S92.5 

615.3 
638.2 

661. 1 
^684. 2 
707.4 
7306 
753.8 

777-t 
800.6 

824.1 

847.7 
871.3 



Biff, 



21. 1 
21. 1 
21.2 
21.3 

21.5 

21.5 

21.5 

21.5 

21.5 
21.6 

21.7 
21.9 
22.0 
22.0 
22.0 

22.0 
22.1 
22.1 
22.3 
22.4 

22.5 
22.5 
22.5 
22.5 
22.7 

22.7 
22.8 
22.8 
22.9 
22.9 

23.1 
23.2 
23.2 
23.2 

233 

23-5 

23.5 
23.6 

23.6 

23.6 



Diff. 



0.00 
0.00 
0.00 
o.oi 
0.02 

0.03 
0.04 
0.06 
0.08 

O.IO 

0.12 
0.15 
o.t8 
0.21 
0.24 

0.28 
0.32 
0.36 
0.40 
0.44 

0.49 

0.54 
0.60 

0.66 

0.72 

0.78 
0.85 
0.92 
0.99 
1.07 

I-I5 
1.24 

1-33 
1.42 

1.51 

1.61 
1.71 
1.81 
1.92 
2.03 



0.00 
0.00 
0.01 
0.01 
0.01 

0.01 
0.02 
0.02 
0.02 
0.02 

0.03 
0.03 
0.03 
0.03 
0.04 

0.04 
0.04 
0.04 
0.04 
0.05 

0.05 
0.06 
0.06 
0.06 
o.c6 

0.07 
0.07 
0.07 
0.08 
0.08 

0.09 
0.09 
0.09 
0.09 

O.IO 

O.IO 
O.IO 
O.I I 
O.I I 

0.12 

(7) 



0.00000 
0.000 10 
0.00020 
0.00031 
0.00042 

0.00053 

0.00064 
0.00075 
0.00086 
0.00097 

0.00109 
0.00120 
0.00132 
0.00143 

0.00155 

0.00167 
0.00179 
0.00I9I 
0.00203 
0.00215 

0.00228 
0.00240 

0.00253 

0.00266 
0.00279 

0.00292 

0.00305 

0.00318 

0.0^331 
0.00344 

0.00358 

0.00372 
0.00386 
0.00400 
0.00414 

0.00428 
0.00442 
0.00456 
0.00471 
0.00486 



D4ff. 


n 




0.000 


10 


0.006 


10 






0.012 


II 


/^ 




0.018 


II 






0.024 


II 




II 
II 


0.030 
0.036 


II 

TI 


0.042 
0.048 


12 


0.054 




0.060 


II 


0.066 


12 






0.072 


II 
12 
12 


i 
0.078 

0.085 


12 


0.091 


12 


0.098 


12 


0.104 




O.I 1 1 


12 






O.I 17 


13 


12 


0.124 


13 


0.I3I 


13 
13 
13 


0.137 


0.144 


0.150 


13 
13 


o-;57 
0.164 


0.171 


A3 
13 
14 


0.178 
0.185 


14 
14 


0.192 


0.199 
0.206 


14 




14 


0.213 


0.220 


14 




14 
14 
15 
15 
15 


0.227 


0.234 


0.242 


0.249 
0.256 



Biff. 



6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 



8 



8 



BALLISTIC TABLES. 



TABLE I— Continued. 



3200 
3190 
3180 

3170 
3160 

3150 
3140 

3130 
3120 

3110 

3000 
3090 
3080 
3070 
3060 

3050 
3040 

3030 
3020 

3010 

3000 
2990 
2980 
2970 
2960 

2950 
2940 
2930 
2920 
2910 

2900 
2890 
2880 
2870 
2860 

2850 
2840 
2830 
2820 
2810 



894.9 
918.7 
942.6 
966.6 
990.6 

:oi4.6 
038.7 
062.9 
:o87.2 
111.6 

136.1 
160.7 

185.4 
210.1 

234.8 

259.6 
284.5 

309.5 
334.6 
359.8 

385.1 
410.5 

436.0 

461.5 
487.1 

512.8 
538.6 

564.5 

590.5 
616.6 

642.7 
668.9 

695.3 
721.8 

748.3 

774.9 
801.6 

828.4 

855-3 
882.3 



Biff. 

23.8 

23.9 

24.0 

24.0 
24.0 

24.1 
24.2 

24.3 
24.4 
24.5 

24.6 
24.7 

24.7 

24.7 
24.8 

24.9 
25.0 

25.1 
25^2 

25.3 

25.4 

25.5 

25.5 
25.6 

25.7 

25.8 

25.9 
26.0 

26.1 

26.1 

26.2 
26.4 
26.5 
26.5 
26.6 

26.7 
26.8 
26.9 
27.0 
27.1 



A, 



2.15 
2.27 

2.40 

253 
2.67 

2.81 

2.95 
3.09 
3.24 
3-39 

3-55 
3.71 
3-88 

4.05 
4.23 

4.42 
4.61 
4.80 
5.00 
5.20 

5.40 
5.61 

5.83 
6.06 

6.29 

6.52 
6.76 
7.01 

7.27 
7.53 

7.80 
8.07 

8.35 
8.63 

8.92 

9.22 
9.52 

9.83 
10.14 

10.46 



Biff. 


0.12 


0.13 


0.13 


0.14 


0.14 


0.14 


0.14 


0.15 


0.15 


0.16 



0.16 


0.17 
0.17 
0.18 


0.19 


0.19 
0.19 
0.20 


0.20 


0.20 


0.21 


0.22 


0.23 
0.23 
0.23 


0.24 
0.25 
0.26 
0.26 


0.27 


0.27 
0.28 
0.28 


0.29 

0.30 


0.30 

0.31 
0.31 
0.32 
0.32 



/• 


Biff. 


T, 


0.00501 


15 

15 

15 

15 
16 


0.264 


0.00516 


0.271 


0.00531 


0.279 


0.00546 


0.286 


0.00561 


0.293 


0.00577 


16 


0.301 


0.00593 


t6 


0.308 


0.00609 


16 


0.316 


0.00625 


16 


0.324 


0.00641 


A. \^ 

16 


0.332 


0.00657 


16 

17 
17 
17 
17 


0.340 


0.00673 


0.348 


0.00690 


0.356 


0.00707 


0.365 


0.00724 


0.373 


0.00741 


17 
18 


0.381 


0.00758 


0.389 


0.00776 


18 


0.397 


0.00794 


X KJ 

18 
18 


0.406 


0.00812 


0.414 


0.00830 


18 


0.422 


0.00848 


18 

t8 


0.430 


0.00866 


0.439 


0.00884 


T f\ 


0.447 


0.00903 


^9 
19 


0.456 


0.00922 


19 

T ft 


0.465 


0.00941 


0.473 


0.00960 
0.00980 


^9 

20 

20 


0.482 
0.491 


O.OIOOO 




0.500 


. 


20 


0.01020 


20 


0.509 


0.01040 


fyr\ 


0.518 


0.01060 
O.OI08I 


21 
21 


0.527 
0.536 


0.0II02 


21 


0.545 


O.OII23 


21 

21 


0.555 


O.OII44 


0.565 


O.OII65 


a* JL 

22 
22 


0.574 


O.OII87 


0.584 


0.01209 


22 


0.593 



Biff. 



7 
8 

7 

7 
8 



7 
8 

8 

8 

8 

8 
8 

9 
8 

8 

8 
8 

9 

8 

8 

8 

9 
8 

9 
9 

8 

9 
9 
9 
9 

9 

9 

9 

9 
10 

10 

9 
10 

9 

10 



BALLISTIC TABLES. 



TABLE I— Continued. 



8, 



2800 
2790 
2780 

2770 
2760 

2750 
2740 
2730 
2720 
2710 

2700 
2690 
2680 
2670 
2660 

2650 
2640 
2630 
2620 
2610 

2600 
2590 
2580 
2570 
2560 

2550 
2540 

2530 
2520 

2510 

2500 

2499 
2498 

2497 
249^ 



2495 
2494 

2493 
2492 

249r 



1909.4 
1936.6 

1963.8 
1991.2 
2018.7 

2046.3 
2074.0 
2101.8 
2129.7 

21577 

2185.7 
2213.9 
2242.2 
2270.6 
2299.1 

2327.7 
2356.4 
2385.2 
2414.2 

24433 

2472.5 
2501.8 

25312 

2560.7 

2590-3 

2620.1 
2650.0 
2680.0 
2710.0 
2740.2 

2770.5 

2773'5 
2776.6 

2779.6 

2782.7 

2785.7 
2788.8 

2791.8 

2794.9 
2797.9 



Diff. 


1 
27.2 


27.2 


27.4 


27.5 


27.6 


27.7 


27.8 


27.9 


28.0 


28.0 


28.2 


28.3 


28.4 


28.5 


28.6 


28.7 


28.8 


29.0 


29.1 


29.2 


29-3 


29.4 


29.5 


29.6 


29.8 


29.9 


30.0 


30.0 


30.2 


30.3 


3.0 


3.1 


3.0 


3-1 


3-0 


3.^ 


3.0 


3.1 


3.0 


3.1 



0.78 

I. II 

1-45 
1.80 

2.17 

2.55 
2.93 
3.32 

3.71 
4.1 1 

4.51 
4.92 

5-34 

5.77 
6.22 

6.68 

7.15 
7.62 

8.10 
8.59 

9.09 
9.60 
20.12 
20.65 
21.20 

21.75 
22.31 

22.88 

23.47 
24.07 

24.68 
24.74 
24.80 
24.86 

24.92 

24.98 

25.04 
25.11 

25.17 
25.23 



Diff. 



0.33 

0.34 

0.35 

0.37 
0.38 

0.38 

0.39 

0.39 
0.40 

0.40 

0.41 
0.42 

0.43 

0.45 
0.46 

0.47 
0.47 
0.48 
0.49 
0.50 

0.51 
0.52 

0.53 
0.55 
0.55 

0.56 

0.57 

0.59 
0.60 

0.61 

0.06 
0.06 
0.06 
0.06 
0.06 

0.06 
0.07 
0.06 
0.06 
0.07 



0.01231 
0.01253 
0.01276 
0.01299 
0.01322 

0.01345 
0.01369 

0.01393 

0.01417 

0.0 1 44 1 

0.01466 
0.01491 
0.01516 
0.01542 
0.01568 

0.01594 
0.01621 
0.01648 
0.01675 
0.01702 

0.01729 

0.01757 
0.01785 
0.01814 
0.01843 

0.01872 
0.01902 
0.01932 
0.01962 
0.01993 

0.02024 
0.02027 
0.02030 
0.02033 
0.02036 

0.02039 
0.02043 
0.02046 
0.02049 
0.02052 



Diff. 



22 

23 
23 
23 
23 

24 
24 

24 
24 
25 

25 

25 
26 

26 

26 

27 

27 
27 
27 
27 

28 
28 

29 
29 
29 

30 
30 
30 
31 
31 

3 
3 
3 
3 
3 

4 
3 
3 
3 
3 



Diff. 



0.603 
0.612 
0.622 
0.632 
0.642 

0.652 
0.662 
0.673 
0.683 
0.693 

0.704 
0.714 

0.725 

0.735 
0.746 

0.757 
0.768 

0.779 
0.790 

0.801 

0.812 
0.823 
0.834 
0.846 

0.857 

0.869 
0.881 
0.893 
0.905 
0.917 

0.929 
0.930 
0.931 
0.932 

0.934 

0.935 
0.936 

0.937 
0.938 
0.940 



9 

:o 



o 

:o 
I 


[O 

I 

o 
I 


I 

I 

I 
I 
I 
I 
I 

I 
1 

2 
I 
2 

I 
2 
2 
2 
2 

I 
I 
I 
2 
I 

I 
I 
I 
2 
1 
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BALUSTIC TABLES. 



TABLE I— Continued. 



2490 
2489 
2488 
2487 
2486 

2485 
2484 

2483 

2482 

2481 

2480 
2479 
2478 

2477 
2476 

2475 
2474 

2473 
2472 

2471 

2470 
2469 
2468 
2467 
2466 

2465 
2464 
2463 
2462 
2461 

2460 

2459 
2458 
2457 
2456 

2455 
2454 
2453 
2452 
2451 



8, 



2801.0 
2804.0 
2807.1 
2810.2 
2813.2 

2816.3 
2819.3 
2822.4 
2825.4 
2828.5 

2831.6 
2834.6 

2837.7 
2840.8 

28439 

2847.0 
2850.1 
2853.2 
2856.3 

28593 

2862.4 
2865.5 
2868.5 
2871.6 
2874.6 

2877.7 
2680.8 
2883.9 
2887.0 
2890.1 

2893.2 
2896.3 
2899.3 
2902.4 

29055 

2908.6 
2911.7 
2914.8 
2917.9 
;%92i.o 



Biff. 



3-0 
3.1 
3.1 
3.0 
3.1 

3.0 
31 
30 
3.1 
3.1 

3-0 
3.1 
31 
3.1 
3.1 

3.1 
31 
3.1 
30 
31 

3.1 
3-0 
3.1 
3-0 
3.1 

3.1 
31 
3.1 
3.1 
3.1 

3.1 
3-0 
31 
31 
3.1 

3.1 
31 
31 
3.1 
31 



A, 



Biff. 



25-30 
25.36 

25.42 
25.48 
25.55 

25.61 
25.67 

25.74 
25.80 

25.86 

25.93 

25-99 
26.06 

26.12 

26.19 

26.25 
26.32 
26.38 
26.45 
26.51 

26.58 
26.64 
26.71 
26.78 
26.84 

26.91 
26.98 
27.04 
27.11 
27.18 

27.24 
27.31 

27.38 

27.44 
27.51 

^7.58 
27.64 

27.71 

27.78 

27.84 



0.06 
0.06 
0.06 
0.07 
0.06 

0.06 
0.07 
0.06 
0.06 
0.07 

0.06 
0.07 
0.06 
0.07 
0.06 

0.07 
0.06 
0.07 
0.06 
0.07 

0.06 
0.07 
0.07 
0.06 
0.07 

0.07 
0.06 
0.07 
0.07 
0.06 

0.07 
0.07 
0.06 
0.07 
0.07 

0.06 
0.07 
0.07 
0.06 
0.07 



u 


Biff, 


T, 


Biff\ 


0.02055 


3 


0.941 




0.02058 


0.942 




0.02061 


3 1 

•i 1 


0.943 




0.02064 


3 


0.945 




0.02068 


4 
3 


0.946 




0.02071 


3 
3 

A 


0.947 




0.02074 


0.949 




0.02077 


0.950 




0.02081 


4 


0.951 




0.02084 


3 
3 


0.953 




0.02087 


3 
3 
3 
3 
4 


0.954 




0.02090 


0.955 




0.02093 


0.956 




0.02096 


0.957 




0.02099 


0.959 




0.02103 


t% 


0.960 




02106 


3 


0.961 




0.02109 


3 


0.962 




0.02 1 12 


3 


0.964 




0.02 1 16 


4 
3 


0.965 




0.021 19 


fS 


0.966 




0.02122 


3 


0.967 




0.02125 


3 
3 
4 
3 


0.968 




0.02128 


0.970 




0.02132 


0.971 




0.02135 


3 
4 


0.972 




0.02138 


0.974 




0.02142 


0.975 




0.02145 


3 


0.976 




0.02148 


3 
4 


0.978 




0.02152 


<> 


0.979 




0.02155 


3 


0.980 




0.02158 


3 

A 


0.981 




0.02162 


4 


0.982 




0.02165 


3 
3 


0.984 




0.02168 


^ 


•0.985 




0.02 17 1 


3 


0.986 




0.02175 


4 

'y 


0.987 




0.02178 


3 
3 

4 


0.989 




0.02 181 


0.990 





BALLISTIC TABLES. 
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TABLE I— Continued. 



8, 



2450 
2449 

2448 

2447 

2446 

2445 
2444 

2443 

2442 

2441 

2440 

2439 
2438 

2437 
2436 

2435 
2434 

2433 
2432 

2431 

2430 
2429 
2428 

2427 
2426 

2425 

2424 
2423 

2422 

2421 

2420 
2419 
2418 
2417 
2416 

2415 
2414 

2413 
2412 

24T1 



2924.1 
2927.2 
2930.3 

2933.4 
2936.5 

2939.6 
2942.7 
2945.8 
2948.9 
2952.1 

2955.2 

2958.3 
2961.4 

2964.6 

2967.7 

2970.8 

2973.9 
2977.0 

2980.2 
2983.3 

2986.4 
2989.5 
2992.7 
2995.8 
2998.9 

3002.1 
3005.2 
3008.4 

3011.5 
3014.6 

3017.8 
3020.9 

3024.0 

3027.2 

3030.3 

3033.5 
3036.6 

3039.7 
3042.9 

3046.0 



Btff. 



3.1 
3-1 
3.1 
3.1 
3.1 

31 
3.1 
3.1 
3.2 

3.1 

3.1 
3.1 
3.2 

3.1 
3.1 

3.1 
3.1 
3.2 
3.1 
3.1 

3-1 
3.2 

3-1 
3.1 
3.2 

3.1 
3.2 

3.1 
3.1 
3.2 

3.1 
3.1 
3.2 

3.1 
3.2 

3.1 
3.1 
3.2 

3.1 
3.2 



27.91 
27.97 
28.04 
28.11 
28.18 

28.25 
28.32 
28.39 
28.46 

28.53 

28.60 
28.67 
28.74 
28.81 
28.88 

28.95 
29.02 
29.09 
29.16 
29.23 

29.30 

29.37 
29.44 

29.51 

29.58 

29.66 

29.73 
29.80 

29.87 
29.94 

30.01 
30.08 
30.16 
30.23 
30.30 

30.37 
30.44 
30.52 

30.59 
30.66 



Diff. 



0.06 
0.07 
0.07 
0.07 
0.07 

0.07 
0.07 
0.07 
0.07 
0.07 

0.07 
0.07 
0.07 
0.07 
0.07 

0.07 
0.07 
0.07 
0.07 
0.07 

0.07 
0.07 
0.07 
0.07 
0.08 

0.07 
0.07 
0.07 
0.07 
0.07 

0.07 
0.08 
0.07 
0.07 
0.07 

0.07 
0.08 
0.07 
0.07 
0.07 



Biff. 



0.02185 
0.02188 
0.02191 
0.02195 
0.02198 

0.02201 
0.02205 
0.02208 
0.02212 
0.02215 

0.02219 
0.02222 
0.02225 
0.02229 
0.02232 

0.02236 
0.02239 
0.02242 
.' 0.02246 
0.02249 

:: 0.02253 

0.02256 

0.02259 

^0.02263 

0.02266 

0.02270 
0.02273 
0.02276 
0.02280 
0.02283 

0.02287 
0.02290 
0.02294 
0.02297 
0.02301 

0.02304 
0.02308 
0.0231 1 

0.02315 

0.02318 



3 
3 
4 
3 
3 

4 
3 
4 
3 
4 

3 
3 
4 
3 
4 

3 
3 
4 
3 
4 

3 
3 
4 
3 

4 

3 
3 
4 
3 
4 

3 
4 
3 
4 
3 

4 
3 
4 
3 
4 



Biff. 



0.991 
0.992 

0.993 

0.995 
0.996 

0.997 

0.999 
1. 000 

I.OOI 

1. 00^ 

1.004 
1.005 
1.006 
1.008 
1.009 

I.OIO 
I.OII 

I.0I3 

I.OI4 

I.OI5 

I.0I6 
I.0I7 
I.0I9 
1.020 

I.02I 

1.023 
1.024 
1.025 
1.027 
1.028 

1.029 
1.030 
1.032 

1.033 
1.034 

1.036 
1.037 
1.038 
1.040 
1.041 
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BALLISTIC TABLES, 



TABLE I~C0NTINUED. 



S. 



2410 


3049.2 


2409 


3052.3 


2408 


3055-5 


2407 


3058.7 


2406 


3061.8 


2405 


3064.9 


2404 


3068.1 


2403 


3071.3 


2402 


3074.4 


2401 


3077.6 


2400 


3080.8 


2399 


3084.0 


2398 


3087.2 


2397 


3090.4 


2396 


30935 


2395 


3096.7 


2394 


3099.8 


2393 


3103.0 


2392 


3106.2 


2391 


3109.4 


2390 


3II2.5 


2389 


3115-6 


2338 


3II8.8 


2387 


3122.0 


2386 


3125.2 


2385 


3128.4 


2384 


3^3^'^ 


2383 


3134.8 


2382 


3138.0 


2381 


3141.2 


2380 


3144.4 


2379 


3147.6 


2378 


3150.8 


2377 


3154.0 


2376 


3157.2 


2375 


3160.4 


2374 


3163.6 


2373 


3166.8 


2372 


3170.0 


2371 


3173-2 




3.1 
3.2 
3.2 

3-1 
3.1 

3.2 
3.2 

3.1 
3.2 
3.2 

3.2 
3.2 
3.2 

3.1 
3-2 

3-1 
3.2 
3.2 
3.2 
3.1 

3-1 
3.2 
3.2 
3.2 
3.2 

3-2 

3-2 

3.2 

3-2 

3.2 
3.2 

3-2 
3-2 
3-2 

3.2 

3.2 
3.2 
32 

3-2 

3.2 




30.73 

30.80 

30.87 
30.95 

31.02 

31.09 

31.17 
31-24 
31.31 
31.39 

31-46 

31.53 
31.61 

31.76 

31.83 

31.91 
31.98 

32.06 

32.13 

32.21 
32.28 

32.36 
32.44 
32.5' 

32.59 

32.67 

32.74 
32.82 

32.90 

32.98 

33.05 

33-^3 
33-21 

33.29 

33-37 
33.45 
33.53 
33.61 

33.69 



0.07 
0.07 
0.08 
0.07 
0.07 

0.08 
0.07 
0.07 
0.08 
0.07 

0.07 
0.08 
0.07 
0.08 
0.07 

0.08 
0.07 
0.08 
0.07 
0.08 



0.07 
0.08 
0.08 
0.07 
0.08 

0.08 
0.07 
0.08 
0.08 
0.08 



0.07 
0.08 
0.08 
0.08 
0.08 

0.08 
0.08 
0.08 
0.08 
0.08 



/• 


niff. 


0.02322 


3 

4 

3 


0.02325 


0.02329 


0.02332 


0.02336 


4 
3 


0.02339 


4 
3 
4 
3 
4 


0.02343 


0.02346 


0.02350 


0.02353 


0.02357 


3 


0.02360 


0.0*364 


4 


0.02368 


4 
3 
4 


0.02371 


0.02375 


4 
3 


0.02379 


0.02382 


0.02386 


4 
4 
3 


0,02390 


0.02393 


4 
4 
3 


0.02397 


0.02401 


0.02404 


0.02408 


4 

4 


0.02412 


3 
4 
4 
3 
3 


0.02415 


0.02419 


0.02423 


0.02426 


0.02429 


4 
4 
3 
4 
3 


0.02433 


0.02437 


0.02440 


0.02444 


0.02447 


4 
4 


0.02451 


0.02455 


0.02458 


3 


0.02462 


4 
3 




Biff, 



1.042 

1.043 
1.044 

1.046 

1.047 

1.048 
1.050 
1.05 1 
1.052 

1.054 

1.055 
1.056 

1-057 
1059 
1.060 

1. 06 1 
1.063 
1.064 
1.065 

1.067 

1.068 
1.069 
1.070 
1.072 

1.073 

1.074 
1.076 

1.077 
1.078 

1.080 

1.081 
1.082 
1.083 
1.085 
1.086 

1.088 
1.089 
1. 09 1 
1.092 
1.094 
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TABLE I— Continued. 



2370 
2369 
2368 
2367 
2366 

2365 
2364 

2363 
2362 

2361 

2360 

2359 
2358 
2357 
2356 

2355 
2354 
2353 
2352 

2351 

2350 
2349 
2348 

2347 
2346 

2345 
2344 

2343 
2342 

2341 

2340 
2339 

2337 
2336 

2335 
2334 
2333 
2332 

2331 



S, 



3176.4 
3179.6 

3182.8 

3186.0 

3189.2 

3192.4 
31956 
3198.8 
3202.1 

3205.3 

3208.5 
3211.7 

3214.9 
3218.2 

3221.4 

3224.6 
3227.8 
3231.0 
3234.2 
3237.5 

3240.7 

32439 
3247.2 

3250.4 
3253.6 

3256.9 
3260.1 

3263.3 

^266.6 

3269.8 

3273.1 

3276.3 
327^.6 

328^.8 

3286.1 

1 

3289.3 
3294^.6 

3291.9 
329*. I 
33c>2'4 



Diff. 



3.2 
3.2 
3.2 
3-2 
3.2 

3.2 
3-2 

3-3 
3-2 
3.2 

3.2 
3.2 

3-3 
3.2 
3.2 

3.2 
3-2 

3.2 

3-3 
3.2 

3.2 

3.3 
3-2 
3.2 
3.3 

3.2 
3.2 

3-3 
3.2 

3.3 

3.2 

3.3 
3.2 

3.3 
3.2 

3-3 
3.3 
3.2 

3.3 
3*3 



A, 



33.77 
33.85 
33.93 
34.01 

34.09 

34.17 
34.25 
34.33 
34.41 

34*49 

34.57 
34.65 

34.73 

34.81 

34.89 

34.97 
35.06 

35.14 
35.22 

35.30 

35.38 
35.46 
35.54 
35.63 
35.71 

35.79 
35.88 

35.96 
36.04 

36.13 

36.21 
36.29 

36.38 
36.46 
36.54 

36.63 
36.71 
36.80 
36.88 

36.97 



Dtff. 



0.08 
0.08 
0.08 
0.08 
0.08 

0.08 
0.08 
0.08 
0.08 
0.08 

0.08 
0.08 
0.08 
0.08 
0.08 



0.09 
0.08 
0.08 
0.08 
0.08 

0.08 
0.08 
0.09 
0.08 
0.08 



0.09 
0.08 
0.08 
0.09 
0.08 

0.08 
0.09 
0.08 
0.08 
0.09 

0.08 
0.09 
0.08 
0.09 
0.08 



/• 



0.02465 
0.02469 
0.02472 
0.02476 
0.02480 

0.02483 
0.02487 
0.02491 
0.02494 
0.02498 

0.02502 
0.02506 
0.02509 
0.02513 
0.02517 

0.02520 
0.02524 
0.02528 
0.02531 
0.02535 

0.02539 
0.02543 
0.02546 
0.02550 
0.02554 

0.02558 
0.02561 
0.02565 
0.02369 
0.02573 

0.02577 

0.02580 
0.02584 
0.02588 
0.02592 

0.0259s 
0.025^ 

0.0266;^ 
0,02667 
0.026^1 



2)iff. 


r. 


1 

4 
3 
4 
4 
3 


1.095 
1.096 
1.098 


1.099 


1. 100 


4 
4 
3 


1. 102 


1. 103 


1. 105 

1. 106 


4 
4 


1. 108 


4 
3 
4 
4 
3 


1. 109 


I. no 


1. 112 

1. 113 

1. 114 


A 


1. 116 


4 
4 
3 
4 
4 


1. 117 

1. 119 

1. 120 
1. 122 


4 
3 
4 
4 
4 


1. 123 

1. 1 24 
1. 126 


1. 127 
1. 129 


3 
4 

4 
4 
4 


1. 130 


1. 132 
1.133 


1. 134 
1. 136 


3 
4 
4 
4 
3 


1. 137 

1. 138 


1. 140 


1. 141 

1. 142 


4 
4 
4 
4 
4 


1.144 


1.145 

1.147 
1. 148 


1. 150 



Diff. 



I 
2 
I 
I 
2 

I 
2 
I 
2 

I 

I 

2 
I 
I 
2 

I 
2 

I 
2 
I 

I 
2 

I 
2 
I 

2 
I 
I 
2 
I 

I 
2 
I 
I 
2 

I 
2 
I 
2 
I 
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TABLE I— Continued. 



F 


8. 


Diff, 


^1, 


Diff. 


^v 


Dtff. 


T, 


Diff. 


2330 


3305.7 


"9 <9 


37.05 


0.09 
0.08 
0.09 
0.08 
0.09 


0.02615 


3 
4 
4 
4 
4 


1.151 


T 


2329 
2328 

2327 
2326 


3308-9 
3312.2 

3315.5 
3318.8 


3.2 
3.3 
3.3 

3-3 


37.14 
37.22 

37.31 
37.39 

• 


0.02618 
0.02622 
0.02626 
0.02630 


1. 152 

1. 154 
1.155 
1.157 


X 

2 
I 
2 
I 


2325 
2324 


3322.1 
3325.4 


3.3 

■9 1 


37.48 
37.56 


0.08 


0.02634 
0.02638 


4 
4 
4 
4 
4 


1. 158 
1.159 


I 


2323 
2322 

2321 


3328.6 

3331.9 
3335.2 


3.2 
3-3 
3-3 
3-3 


37.65 

37.74 
37.82 


0.09 
0.68 
0.09 


0.02642 
0.02646 
0.02650 


1. 161 

1. 162 
1. 164 


I 

2 

I 


2320 


3338.5 


t f% 


37.91 


^ ^/\ 


0.02654 


A 


1. 165 


T 


2319 


3341.7 


3.2 

"9 f 


38.00 


0,09 

0.08 


0.02658 


4 

4 


1. 166 


1 



2318 


33450 


3'3 


38.08 


0.02662 


1. 168 




2317 
2316 


3348.3 
3351.6 


3-3 
3-3 
3.2 


38.17 
38.26 


0.09 
0.09 
0.08 


0.02666 
0.02670 


4 
4 
4 


1. 169 
1. 171 


I 

2 
I 


2315 


3354.8 


^ <• 


38.34 


/N /N/% 


0.02674 


^ 


1. 172 


T 


2314 


3358.1 


3-3 


38.43 


0.09 


0.02678 


4 

A 


1.173 


X 

^ 


2313 


3361.4 


3-3 


38.52 


0.09 


0.02682 


4 


1. 175 


z 


2312 


3364.7 


3*3 


38.61 


0,09 


0.02686 


4 


1. 176 


I 


2311 


3368.0 


3-3 
3-3 


38.70 


0.09 
0.09 


0.02690 


4 
4 


1. 178 


2 

I 


2310- 


3371.3 


3.2 


38.79 


/^ f^e\ 


0.02694 


ii 


1. 179 


T 


2309 


3374.5 


38.88 


V.O9 


0.02698 


4 


1. 180 


X 


2308 


3377.8 


3*3 


38.97 


0.09 


0.02702 


4 


1. 182 


2 

T 


2307 


3381. 1 


3'3 


39.06 


0.09 


0.02706 


4 


1. 183 


I 


2306 


3384.4 


3-3 
3-3 


39.15 


0.09 
0.09 


0.02710 


4 
4 


1.184 


I 

2 


2305 
2304 

2303 
2302 

2301 


3387.7 
2391.0 

3394.3 
3397.6 
3400.9 


3.3 
3-3 
3-3 
3-3 
3-3 


39.24 

39.33 
39.42 

39.51 
39.60 


0.09 
0.09 
0.09 
0.09 
0.09 


0.02714 
0.02718 
0.02722 
0.02726 
0.02730 


4 
4 
4 
4 
4 


1. 186 

1. 187 

1. 189 

1. 190 
1. 192 


I 
2 

I 
2 

I 


2300 
2299 


3404.2 
3407.5 


3.3 
3.3 
3-3 
'33 
3.3 


. 39.69 
39.78 


0.09 


0.02734 
0.02738 


4 


1. 193 

1. 194 


I 


2298 
2297 


3410.8 
3414.1 


39.87 
39.96 


0.09 
0.09 
0.09 
O.IO 


0.02742 
0.02746 


4 
4 
4 
S 


1. 196 

1. 197 


2 
I 

T 


2296 


3417.4 


40.05 


0.02750 


1. 198 


1 

2 


2295 


3420.7 


3.?. 

i3 
3.3 


40.15 


0.09 
0.09 
0.09 
0.09 
0.09 


0.02755 


4 

4 " 
4' ' 
4 
4 


. 1.200 


T 


2294 


3424.0 


40.24 


0.02759 


1.201 


X 
<9 


2293 


3427.3 


40.33 


0.02763 


1.203 


T 


2292 


3430.7 


40.42 


0.02767 


1.204 


X 
9 


2291 


3434.0 


40^51 


0.02771 


1.206 


I 
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TABLE I— Continued, 



V 


8, 


2290 


3437.3 


2289 


3440.6 


2288 


3443-9 


2287 


3447.3 


2286 


3450.6 


2285 


3454.0 


2284 


3457.3 


2283 


3460.6 


2282 


3464.0 


2281 


3467.3 


2280 


3470.6 


2279 


3473-9 


2278 


3477.3 


2277 


3480.6 


2276 


3484.0 


2275 


3487.3 


2274 


3490.7 


2273 


3494-0 


2272 


3497.4 


2271 


3500.7 


2270 


3504.1 


2269 


3507.4 


2268 


3510.8 


2267 


35U.I 


2266 


3517.5 


2265 


3520.8 


2264 


3524.2 


2263 


3527.5 


2262 


3530.9 


2261 


3534.2 


2260 


3537.6 


2259 


3540.9 


2258 


3544.3 


2257 


3547.6 


2256 


3551.0 


^^ss 


3554.3 


2254 


3557.7 


22S3 


3561. 1 


2252 


3564.5 


2251 


3567.8 



Diff. 



3.3 

3.4 
3-3 
3.4 

3-3 
3-3 
3.4 
3.3 
3-3 

3.3 
3.4 
3.3 
3.4 
3-3 

3.4 
3-3 
3.4 
3-3 
3.4 

3.3 
3.4 
3-3 
3.4 
3-3 

3.4 
3-3 
3-4 
3-3 
3-4 

3-3 

3-4 

3-3 
3.4 
3.3 

;3-4 

3.4 
3.4 
3.3 
3.4 



^. 



40.60 
40.69 
40.78 

40.88 
40.97 

41.06 
41.16 

41.25 
41.34 
41.44 

41.53 

41.62 

41.72 
41.81 
41.91 

42iOO 

42.10 
42.19 
42.29 
42.38 

42.48 
42.58 
42.67 

42.77 
42.87 

42.96 
43.06 

43.16 

43.25 
43.35 

43.45 
43.55 
43.65 
43.74 
43.84 

43.94 
44.03 
44.13 
44.23 
44.33 



Biff, 



0.09 
0.09 
o.io 
0.09 
0.09 

0.10 
0.09 
0.09 
0.10 
0.09 

0.09 
0.10 
0.09 
0.10 
0.09 

0.10 
0.09 
0.10 
0.09 
0.10 

0.10 
0.09 
0.10 
0.10 
0.09 

0.10 
0.10 
0.09 
0.10 
0.10 

0.10 
0.10 
0.09 
0.10 
0.10 

0.09 
0.10 
6.10 
6.10 
0.10 



A 



0.02775 
0.02779 
0.02783 
0.02787 
0.02791 

0.02796 
0.02800 
0.02804 
0.02808 
0.02812 

0.02816 
0.02820 
0.02824 
2.02828 
0.02832 

0.02837 
0.02841 
0.02845 
0.02849 
0.02853 

0.02857 
0.02861 
0.02865 
0.02870 
0.02874 

0.02878 
0.02882 
0.02887 
0.02891 
0.02895 

0.02899 
0.02903 
0.02908 
0.02912 
0.02916 

0.02920 
0.02924 
0.02939 
0.02933 
0.02937 



Diff. 


r. 


A 


1.207 


4 


1.208 


4 
4 
4 
5 


1. 210 


1. 211 


1. 212 


4 


1. 214 

1. 215 


4 


1. 217 


4 
4 


1. 218 


1.220 


4 




A 


1. 221 


4 

A 


1.222 


4 
4 
4 
5 


1.224 


1.225 
1.227 


A 


1.228 


4 
4 


1.230 
1. 231 


4 
4 
4 


1.233 
1.234 


4 
4 
5 
4 
4 


1.236 
1.237 
1.239 


1.240 


1.242 


4 
5 


1.243 


1.245 


1.246 


4 
4 
4 


1.248 


1.249 




1.251 


4 
5 
4 
4 
4 


1.252 


1.254 

1.255 

1.257 


^ 


1.258 


4 


1.260 


5 


1. 261 


4. 


1.263 


4 


1.264 


4 





Biff. 



I 

2 
I 
I 

2 

I 

2 
I 
2 
I 

I 
2 
I 
2 
1 

2 
I 
2 
I 
2 

I 
2 
I 
2 

I 

2 
I 
2 
I 
2 

1 

2 
I 
2 
I 

2 
I 

2 
I 

2 
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TABLE I— Continued. 



V 


s. , 


Diff. 


A, 


Diff. 


/• 


Diff. 


n 


Diff. 


2250 

2249 


35712 
3574.6 


3.4 
3.4 


44.43 
44.53 


O.IO 


0.02941 

0.02945 


4 

A 


1.266 
1.267 


1 


2248 

2247 


3577.9 
3581.3 


44.63 
44.73 


O.IO 


0.02949 

0.02954 


4 

5 


1.269 
1.270 


z 

I 


2246 


3584.6 


3-3 
3.4 


44.83 


O.IO 
O.IO 


0.02958 


4 
4 


1.272 


2 

I 


2245 


3588.0 


3.4 
3.4 
3.4 
3.4 
3.4 


44.93 


ta 


0.02962 


5 
4 
4 


1.273 


f% 


2244 
2243 

2242 


3591.4 
3594.8 
3598.2 


45.03 
45.13 
45.23 


V/. X v^ 

O.IO 
O.IO 
O.IO 
O.IO 


0.02967 
0.02971 

0.02975 


1.275 
1.276 

1.278 


I 
2 

T 


2241 


3601.6 


45.33 


0.02980 


5 
4 


1.279 


I 

2 


2240 


3605.0 


<• A 


45.43 


^\ Y ^\ 


0.02984 


^ 


1. 281 


9 


2239 


3608.4 


. 3.4 

'• A 


45.53 


O.IO 


0.02988 


4 


1.282 


I 

0^ 


2238 
2237 


36II.8 
36152 


3.4 

3.4 

<4 A 


4563 
45-73 


O.IO 
O.IO 


0.02993 

0.02997 


5 
4 


1.284 
1.285 


2 
I 


2236 


3618.6 


3.4 
3.4 


45.84 


O.I I 
O.IO 


0.03002 


5 
4 


1.287 


2 
I 


2235 
2234 

2233 

2232 


3622.0 

3625.4 
3628.8 
3632.2 


3.4 . 
3.4 

3.4 

^ A 


45-94 
46.04 

46.14 

46.25 


O.IO 
O.IO 
O.II 


0.03006 
0.03010 

0.03015 

0.03019 


4 
5 
4 


1.288 
1.290 
1. 291 
1.293 


2 
I 
2 


2231 


3635.6 


3.4 

3-4 


46.35 


O.IO 
O.IO 


0.03024 


5 
4 


1.294 


I 
2 


2230 


3639.0 


^ A 


46.45 


^\ T ^K 


0.03028 


^ 


1.296 




2229 


3642.4 


3.4 

'V A 


46.55 


O.IO 


0.03032 


4 


1.297 


I 


2228 


3645.8 


3.4 

<V A 


46.65 


O.IO 

^ 1 T 


0.03037 


5 


1.299 


2 


2227 


3649.2 


3.4 

<V A 


46.76 


0.1 1 


0.03041 


4 


1.300 


I 


2226 


3652.6 


3.4 
3.5 


46.86 


O.IO 
O.IO 


0.03046 


5 
4 


1.302 


2 
I 


2225 


3656.1 


3.4 

3.4 

f A 


46.96 


/^ T T 


0.03050 


^ 


1.303 


^% 


2224 
2223 


3659.5 

3662.9 


47.07 
47.17 


0.1 1 
O.IO 


0.03054 
0.03059 


4 
5 


1305 
1.306 


2 
I 


2222 


3666.3 


3.4 


47.28 


O.II 


0.03063 


4 


1.308 


2 


2221 


3669.8 


3.5 
3.4 


47.38 


O.IO 
O.II 


0.03068 


5 
4 


1.309 


I 
2 


2220 


3673.2 


»% A 


47.49 


^% X #N 


0.03072 


M 


I.31I 




2219 


3676.6 


3.4 

•9 A 


47.59 


O.IO 

/NTT 


0.03076 


4 


I.312 


I 


2218 


3680.0 


3.4 


47.70 


O.I I 


0.03081 


5 


I.314 


2 


2217 
2216 


3683.5 
3686.9 


3.5 
3.4 
3.4 


47.81 
47.91 


O.I I 
O.IO 
O.II 


0.03085 

0.03090 


4 

s 

4 


I.315 
I.317 


I 
2 
I 


2215 
2214 
2213 
2212 
22II 


3690.3 

36938 

3697.2 
3700.6 

3704.1 


3.5 
3.4 
3.4 

35 
3.4 


48.02 

48.13 
48.23 

48.34 
48.44 


O.II 
O.IO 
O.II 
O.IO 
O.II 


0.03094 
0.03099 
0.03103 

0.03108 

0.031 12 


5 

4 
5 
4 
5 


I.318 
1.320 
1.322 

1.323 
1.325 


2 
2 

I 
2 
2 



BALLISTIC TABLES. 



17 



TABLE I— Continued. 



22IO 
2209 
2208 
2207 
2206 



2205 
2204 
2203 
2202 
2201 

2200 
2199 
2198 
2197 
2196 

2194 
2193 
2192 
219I 

2190 
2189 
2188 
2187 
2186 

2185 
2184 
2183 
2182 
2181 

2180 
2179 
2178 

2177 
2176 

2I7S 
2174 

2173 
2172 

2171 



8, 



3707.5 
3710.9 

2714.4 

3717.8 
3721.3 

3724.7 
3728.2 

373^.6 
3735-1 
373^.5 

3742.0 

3745.5 
3748.9 
3752.4 
3755-8 

3759.3 
3762.8 

3766.3 

3769.7 
3773.2 

3776.7 
3780.1 

3783.6 

3787.1 

3790.5 

3794.0 

3797.5 
3800.9 

3804.4 
2807.9 

3811.4 
3814.9 

3818.4 
3821.9 

3825,4 

3828.9 

3832.4 
3835.9 

3839.4 
3842.9 



Diff. 



eoQ- 



3.4 

3-5 
3.4 
3.5 
3.4 

3.5 
3.4 
3.5 
3.4 

3.5 

3.5 
3.4 
3.5 
3.4 
3.5 

3.5 
3.5 
3.4 
3.5 
3.5 

3.4 
3.5 
3.5 
3.4 
3.5 

3.5 
3.4 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3^5 
3.5 

3.5 
3.5 
3.5 
3.5 
3-5 



A 



IHff. 



48.55 
48.65 

48.76 

48.87 

48.97 

49.08 

49.19 
49.30 
49.41 

49.52 

49.63 
49.74 
49.85 
49.96 
50.07 

50.18 

50.29 
50.40 

50.51 
50.62 

50.73 
50.84 

50.95 
51.06 

51.17 

51.29 
51.40 

5'.5i 
51.62 

51.74 

51.85 

51.96 
52.08 

52.19 
52-31 

52.42 

52.54 
52.65 

52.77 
52.88 



o.io 
0.1 1 
0.1 1 
0.10 

O.II 

O.I I 
O.II 
O.II 
O.II 
O.II 

O.II 
O.II 
O.II 
O.II 
O.II 

O.II 
O.II 
O.II 
O.II 
O.II 

O.II 
O.II 
O.II 
O.II 

0.12 

O.II 
O.II 
O.II 

0.12 

O.II 
O.II 

0.12 

O.II 

0.12 

O.II 

0.12 

O.II 

0.12 

O.II 
0.^2 



/• 


I>iff. 


- T, 


0.03117 


4 

5 
5 
4 
5 


1327 


0.03 121 


1.328 


0.03126 


1-330 


0.03131 


1-332 * 


0.03135 


^•333 


0.03140 


4 
5 
5 
4 
5 


1.335 


0.03144 


1.337 


0.03^49 


1.338 


0.03154 


1.340 


0.03158 


I.34I 


0.03163 


5 
4 
5 
5 
4 


1.343 


0.03168 


1.344 


0.03172 


1.346 


0.03177 


1.348 


0.03182 


1.349 


0.03186 


5 
5 
4 
5 
.4 


1.35 I 


0.03 19 1 


1.353 


0.03196 


1.354 


0.03200 


1.356 


0.03205 


1.357 


0.03209 


5 
5 


1.359 


0.03214 


1.360 


0.03219 


1.362 


0.03223 


4 

5 
5 


1.363 


0.03228 


^'2fiS 


0.03233 


4 

5 

S 

4 
5 


1.367 


0.03237 


1.368 


0.03242 


1.370 


0.03247 


1.372 


0.03251 


1.373 


0.03256 


5 
5 
4 
5 
S 


1.375 


0.03261 


1.376 


0.03266 


1.378 


0.03270 


1.379 


0.03275 


^.381 


0.03280 


5 


^'Z^Z 


0.03285 


1.384 


0.03289 


4 

5 
S 
5 


1.386 


0.03294 


1.388 


0.03299 


1.389 



Biff, 



I 
2 
2 
I 
2 

2 

I 
2 
I 
2 

I 

2 

2 
I 

2 

2 
I 
2 
I 

2 

I 
2 
I 

2 
2 

I 

2 
2 
I 

2 

I 
2 
\ 
Z 
4 

I 

2 
2 
I 

2 
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TABLE I-^COHTINUED. 



F 


8, 


M^jo 


^846.4 


2169 


3849.9 


21168 


3853.4 


2167 


3856.9 


2166 


3860.4 


2165 


3<^63.9 


2t6\ 


3867.4 


2163 


3870,9 


2162 


3874.4 


aii6i 


3877-9 


2160 


3881.4 


2159 


3884.9 


2158 


3888.4 


2157 


389T.9 


2156 


3895-5 


2'55 


3899.0 


2154 


3902.5 


2153 


3906.1 


2152 


3909.6 


2151 


3913.1 


2150 


3916.7 


2149 


3920.2 


2148 


3923.8 


2147 


2927.3 


2146 


3930.8 


2145 


3934.4 


2144 


3937.9 


2143 


3941.5 


2142 


3945 -o 


2141 


3948.6 


2140 


3952.1 


2139 


3955-6 


2138 


3959.2 


2137 


3962.7 


2136 


3966.3 


2135 


3969.8 


2134 


3973.4 


2133 


2976.9 


2132 


3980.5 


2131 


3984.0 



Diff. 



3.5 
3.5 

3-5 
3-5 
3-5 

3.5 
Z'S 
3.5 
3.5 
3.5 

3.5 
3.5 
3-5 
^^(> 
3-5 

3-5 

3.5 
3.5 
3.6 

3.5 
?.>(> 
3.5 
3.5 
3.6 

3.5 
3.5 
3.5 

3.5 

3.5 
3.6 

3.5 

3.5 
3.5 

3.6 



A, 



53.00 

53 II 

53.23 

S3'35 
53.46 

53.58 
53.70 
53.81 

53-93 
54.05 

54.17 
54.29 
54.41 
54.53 
54.65 

54.77 
54.89 
55.01 

55.13 
55.25 

55.37 
55.49 
55-6i 

55-73 
55-85 

55.98 
56.10 
56.22 

56.34 
56.47 

56.59 
56.71 
56.84 
56.96 

57.08 

57.21 

57.33 
57.46 

57.58 

57.71 



Diff. 



OAt 
0,12 
0,12 
0.1 1 
0.12 

0.12 
O.I I 
0.12 
0.12 
0.12 

0.12 
0.12 
0.12 
0.12 
0.12 

0.12 
0.12 
0.12 
0.12 
0.12 

0.12 
0.12 
0.12 
0.12 
0.13 

0.12 
0.12 
0.12 

0.13 
0.12 

0.12 

0.13 
0.12 

0.12 
0.13 

0.12 

0.13 
0.12 

0.13 
0,12 



0.03304 
0.03308 
0.03313 
0.03317 
0.03322 

0.03327 
0.03332 
0.03337 
0.03342 
0.03347 

0.03352 

0.03357 
0.03362 

0.03366 
0.03371 

0.03376 
0.03381 
0.03386 
0.03391 
0.03396 

0.03401 
0.03405 
0.03410 
0.03415 
0.03420 

0.03425 
0.03430 
0.03435 
0.03440 
0.03445 

0.03450 
0.03455 
0.03460 
0.03465 
0.03470 

0.03475 
0.03481 

0.03486 

0.03491 

0.03496 



Biff. 


T, 


4 

5 


1.391 


1.393 


1.394 


4 

5 
5 


1.396 


1.398 


S 
5 
5 


1.399 


1. 40 1 


1.403 


1.404 


5 
S 


1.406 


5 
S 


1.407 


1.409 


1.410 


4 
5 
5 


1.412 

1.414 


S 
5 
5 
5 
5 


1.415 


1.417 


1.419 


1.420 


1.422 


4 

S 


2.423 


1.425 


1.427 


5 
5 
5 


1.428 


1.430 


5 
5 
5 
S 
5 


1.432 


1.433 


1.435 


1.437 


1.438 


5 
5 
5 
S 
S 


1.440 


1.442 


1.444 


1-445 


1.447 


6 


1.449 


5 
5 
5 
5 


1.450 


1.452 


1.454 


1.455 



Diff. 



2 
I 

2 
2 
I 

2 
2 
I 
2 
1 

2 
I 
2 
2 
1 

2 
2 
1 
2 
1 

2 
2 

I 
2 

2 

I 
2 
2 
I 
2 

2 
2 
1 

2 
2 

I 
2 

2 
1 
2 
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TABLE I— Continued. 



V 


8^ 


Diff. 


A 


Diff. 


I. 


Diff. 


r. 


Biff. 


2130 


3987.6 


3.5 

3.5 
3.6 

3.6 


57-83 


0.13 
12 


0.03501 


5 
6 


1.457 


f% 


2129 


39911 


57-96 


0.03506 


1.459 


2 
2 


2128 


3994.7 


58-08 




0.03512 




1. 461 




2127 
2126 


3998.2 
4001.8 


58.21 
58.33 


0.13 
0.12 
0.13 


0.03517 
0.03522 


5 
5 
5 


1.462 
1.464 


I 

2 
2 


2125 


4005.4 


3.6 

3.6 
3.6 


58.46 


0.12 
0.13 
0.13 
3.12 

0.13 


0.03527 


5 
5 
5 
5 
5 


1.466 


T 


2124 


4009.0 


58.58 


0.03532 


1.467 


1 


2123 

2122 


4012.6 
4016.2 


58.71 
58.84 


0.03537 
0.03542 


1.469 
1.471 


2 

T 


2I2I 


4019.8 


58.96 


0.03547 


1.472 


1 

2 


2 120 
2II9 


4023.4 
4026.9 


3.5 

■3.6 

3.6 
3.6 


59.09 
59.22 


0.13 
0.13 
0.12 
0.13 
0.13 


0.03552 
0.03557 


5 


1.474 
1.476 


2 


2I18 
2II7 


4030.5 
4034.1 


59-35 
59-47 


0.03563 
0.03568 


5 
5 
5 


1.477 
1.479 


I 

2 


2Tl6 


4037.7 


59.60 


0.03573 


1.481 


2 

I 


2115 
2II4 


4041.3 
4044.9 


3.6 
3.6 
3.6 

3.6 


59.73 
59.85 


0.12 
0.13 
0.13 
0.13 
0.13 


0.03578 
0.03583 


5 
5 
5 
5 
5 


1.482 
1.484 


2 


2II3 


4048.5 


5998 


0.03588 


1.486 


2 


2II2 
2III 


4052.1 
4055-7 


60.11 
60.24 


0.03593 
. 0.03598 

i. 


1.487 
1.489 


1 

2 
2 


2IIO 


4059.3 


3.6 
3.6 

z^(^ 

•9 ^ 


60.37 


0.13 


0.03603 


5 


1. 49 1 


/« 


2109 


4062.9 


60.50 


0.03608 


1-493 


Z 


2108 
2107 


4066.5 
4070.1 


60.63 
60.76 


0.13 
0.13 


0.03613 
0.03619 


5 
6 


1-494 
1.496 


I 

2 


2106 


4073.8 


3'7 
3-6 


60.89 * 


0.13 
0.13 


0.03624 


5 
5 


1.498 


2 

I 


2105 
2104 


4077.4 
4081.0 


3.6 
3-6 

<9 *T 


61.02 
61.15 


0.13 
/> T ^ 


0.03629 
0.03635 


6 

p. 


1.499 
1.501 


2 


2103 


4084.6 


61.28 


0.13 


0.03640 


5 


1-503 


2 


2102 
2IOI 


4088.3 
4091.9 


3/ 
3-6 

3-6 


61.41 
61.54 


0.13 
0.13 
0.13 


0.03645 
0.0365 I 


5 

6 

5 


1.504 
1.506 


I 
2 
2 


2100 
2099 
2098 
2097 
2096 


4095.5 
4099.1 

4102.7 

4106.3 

4109.9 


3-6 

3-6 
3-6 

3-6 

3-7 


61.67 
61.80 
61.93 
62.07 
62.20 


0.13 
0.13 
0.14 

0.13 
0.13 


0.03656 
0.03661 
0.03666 
0.03672 
0.03677 


5 

5 
6 

5 
5 


1.508 

1.509 
1. 511 

1.513 
1.514 


I 
2 
2 
I 

2 


2095 


4113.6 


3.6 
3-7 
3-6 

3-6 
3-7 


62.33 


0.14 

0.13 

0.13 
0.14 

0.13 


0.03682 


6 


1.516 


9 


2094 
2093 
2092 
2091 


4117.2 
4120.9 

4124.5 
4128.1 


62.47 
62.60 
62.73 
62.87 


0.03688 
0.03693 
0.03698 
0.03704 


5 

5 
6 

5 


1.518 
1.520 
1.521 

1.523 


2 
I 
2 
2 
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TABLE I— Continued. 



8, 



2090 
2089 
2088 
2087 
2086 

2085 
2084 
2083 
2082 
2081 

2080 
2079 
2078 
2077 
2076 

2075 
2074 
2073 
2072 
2071 

2070 
2069 
2068 
2067 
2066 

2065 
2064 
2063 
2062 
2061 

2060 
2059 
2058 
2057 
2056 

2055 
2054 

2053 
2052 

2051 



4131.8 
4135.4 

41390 
4142.7 

4146.3 

4150.0 

4153.6 

4157.3 
4160.9 

4164.5 

4168.2 
4171.8 

4175.5 

4179.1 
4182.8 

4186.4 
4190.1 

4193.7 

4197.4 
4201.0 

4204.7 
4208.3 
4212.0 
4215.6 

4219.3 

4223.0 
4226.7 
4230.4 

4234.1 
4237.8 

4241.5 

4245.2 
4248.9 

4252.6 
4256.3 

4260.0 
4263.7 
4267.4 
4271. 1 
4274.8 



Diff. 



3-6 

3.7 
3.6 

3.7 

3.6 

3.7 
3.6 
3.6 

3.7 

3-6 

3.7 
3.6 

3.7 
3.6 

3.7 
3.6 

3.7 
3-6 

3.7 

3.6 

3.7 
3.6 

3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3.7 
3.7 
3.7 
3.7 
3.7 

3-7 
3.7 
3.7 
3.7 
3.8 



A, 



63.00 
63.14 
63.27 

63.41 
63.54 

63.68 
63.81 

63.95 
64.08 

64.22 

64.36 

64.49 

94.63 
64.77 

64.91 

65-05 
65.19 

65.33 

6547 
6.5.61 

65.75 
65.89 

66.03 

66.17 

66.32 

66.46 
66.60 
66.74 
66.89 
67.03 

67.17 

67.31 
67.46 

67.60 
67.75 

67.89 
68.04 
68.18 

68.33 
68.47 



Dif. 



0.14 
0.13 
0.14 

0.14 

0.13 
0.14 
0.13 
0.14 
0.14 

0.13 
0.14 

0.14 

0.14 

0.14 

0.14 
0.14 
0.14 
0.14 
0.14 

0.14 
0.14 
0.14 

0.15 
0.14 

0.14 
0.14 

0.15 
0.14 

0.14 

0.14 

0.15 
0.14 

0.15 
0.14 

0.15 
0.14 

0.15 
0.14 

0.15 



/. 


Dtff. 


T, 


Diff. 


0.03709 


5 

5 
6 


1.525 


2 


0.03714 


1.527 


2 


0.03719 


1.529 


I 


0.03725 


5 
6 


1.530 


2 


0.03730 


1.532 


2 


0.03736 


5 

S 
6 


1.534 


fy 


0.03741 


1.536 


T 


0.03746 


1.537 


X 

2 


0.03752 


5 
6 


1.539 


2 


0.03757 


1.541 


2 


0.03763 


5 

•5 
6 


1.543 


9 


0.03768 


1.545 


* 

T 


0.03773 


1.546 


2 


0.03779 


5 
6 


1.548 


fy 


0.03784 


1.550 


I 


0.03790 


5 
5 


1.551 


2 


0.03795 


1.553 


2 


0.03800 


1.555 


A 
f 


0.03806 


5 
6 


1-557 




0.0381 1 


1.558 


1 

,2 


0.03817 


e 


1.560 


f\ 


0.03822 


5 
6 

6 


1.562 


z 

9 


' 0.03828 


1.564 


9 


0.03834 


1.566 


* 


0.03839 


5 
6 


1.567 


1 

2 


0.03845 


5 
6 


1.569 


f% 


0.03850 


1.571 


£1 
9 


0.03856 


6 


1.573 


T 


0.03862 


5 
6 


1.574 




0.03867 


1.576 


z 

2 


0.03873 


6 

5 


1.578 


f% 


0.03879 


1.58^ 


2 


0.03884 


1.582 


Z 


0.03890 


A 


1.583 


1 
9 


0.03896 


5 


1.585 


2 


0.03901 


6 


1.587 


2 


0.03907 


6 


1.589 


2 


0.03913 


5 
6 


I-59I 


T 


0.03918 


1-592 


X 


0.03924 




1-594 
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TABLE I— Continued; 



S. 



2050 
2049 
2046 
2047 
2046 

2045 
2044 

2043 

2042 

2041 

2040 
2039 
2038 
2037 
2036 

2035 
2034 

2033 

2032 

2031 

2030 
2029 
2028 
2027 
2026 



2025 
2024 
2023 
2022 
2021 

2020 
2019 
2018 
2017 
2016 

2015 
2014 
2013 
2012 
2011 



4278.6 
4282.3 
4286.0 
4289.7 
4293.4 

4297.1 
4300.9 

4304.6 

4308-3 
4312.0 

4315.8 
4319.5 
33233 
4327.0 

4330.7 

4334.4 
4338.2 

4341.9 
4345-6 
4349.4 

4353.1 
4356.8 
4360.6 

4364.3 
4368.1 

4371-8 
4375.6 
4379-4 

4383-1 
4386.9 

4390.7 
4394-4 
4398.2 

4401.9 
4405.7 

4409/4 

4413.2 
441^.0 
4420.8 
4424.6 



Diff. 



3.7 
3.7 
3.7 
3.7 
3.7 

3.8 
3.7 
3-7 
3.7 
3.8 

3.7 
3.8 

3.7 
3-7 
3.7 

3^^ 
3.7 
3.7 
3.8 
3-7 

3.7 

3.8 
3.7 
3'^ 
3.7 

3.8 
3.8 

3.7 
3.8 
3.8 

3-7 
3.8 
3-7 
3.8 

3.7 

3.8 
3.8 
3.8 

3^^ 
3.8 



68.62 
68.76 
68.91 
69.06 
69.20 

69-35 
69.50 

69.64 

69-79 
69-94 

70.09 
70.24 

70.39 

70.54 
70.69 

70.84 
70.99 

71.14 
71.29 

71.44 

71.59 
71-74 
71.89 

72.05 
72.20 

72.35 
72.50 

72.66 

72.81 

72.96 

73.12 
73.28 

73.43 
73.59 
73.74 

73.90 

74.05 
74.21 

74-36 

74.52 



Dtff. 



0.14 

0.15 

0.15 
0.14 

0.15 

0.15 
0.14 

0.15 

0.15 
0.15 

0.15 

0.15 

0.15 

0.15 
0.15 

0.15 
0.15 
0.15 
0.15 
0.15 

0.15 

0.15 
0.16 

0.15 
0.15 

0.15 
0.16 

0.15 

0.15 
0.16 

0.16 

0.15 
0.16 

0.15 
0.16 



0.15 
0.16 

0.15 
0.16 

0.16 



0.03929 
0.03935 
0.03941 
0.03946 
0.03952 

0.03958 
0.03963 
0.03969 
0.03975 
0.03980 

0.03986 
0.03992 
0.03998 
0.04003 
0.04009 

0.04015 
0.04021 
0.04026 
0.04032 
0.04038 

0.04044 
0.04050 
0.04055 
0.04061 
0.04067 

0.04073 
0.04079 
0.04085 
0.04091 
0.04097 

0.04103 
0.04109 
0.041 15 
0.0412T 
0.04127 

0.04133 
0.04139 
0.04145 
0.041 5 1 
0.04157 



Dtff, 
6 


n 


1.596 




1.598 


\f 


1.600 


5 
6 

6 


1.602 


1.603 


* 




p 


1.605 


5 
6 


1.607 


6 


1.609 


^ 


1I610 


5 
6 


1.612 


A 


1. 614 


6 

1 


1.616 
1.618 


5 
6 


1.619 


6 


1. 621 


6 

5 
6 

6 

6 


1.623 

; 1.625 
1.627 


1.628 


1.630 


6 


1.632 




1.634 


5 
6 


1.636 


vl 


1.638 


6 


1.640 


/; 


1.642 


6 


1.643 




1.645 


6 


1.647 


vl 

6 


1.649 


6 


1.65 1 


6 


1.653 


6 


1.655 


6 


1. 65 J 


6 


1.659 


6 
6 


1.660 


1.662 


1.664 


6 
6 


1.666 


1.668 



J)iff. 



2 
2 
2 
I 

2 

2 
2 
I 
2 

2 

2 
2 
I 

2 
2 

2 
2 
I 
2 
2 

2 
2 
2 

2 
2 

I 

2 
2 
2 
2 

2 
2 
2 
2 
I 

2 

2 
2 
2 

2 
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TABLE I— Continued. 



8^ 



Biff, 



20I0 
2009 
2008 
2007 
2006 

2005 
2004 
2003 
2002 
2001 

2000 
1999 
1998 
1997 
1996 

1995 
1994 

1993 
1992 

I99I 

1990 
1989 
1988 

1987 
1986 

1985 
1984 

1983 
1982 

I981 

1980 
1979 
1978 

1977 
1976 

1975 
1974 

1973 
1972 

1971 



4428.4 

4432.1 

4435.9 
4439.6 

4443.4 

4447.2 

4451.0 
4454.8 
4458.6 
4462.4 

4466.2 
4470.0 

4473.8 
4477.6 
4481.4 

4485.2 
4489.0 
4492.8 
4496.6 

4500.5 

4504.3 
4508.1 

45"-9 
4515.7 
4519.6 

4523.4 
4527.2 

4531.1 

4534.9 
4538.8 

4542.6 

5446.4 
4550.3 
4S54.I 
4558.0 

4561.8 

4565.7 
4569.5 
4573.4 
4577.2 



3.7 
3.8 

3.7 
38 

3.8 
3.8 
3.8 
3.8 
3.8 

3.8 
3.8 
3.8 
3.8 
3.8 

3.8 
3.8 

3-9 
3.8 

3.8 
3.8 

3.9 
3.8 

3.8 

3-9 
3.8 

3.9 
3.8 

3.8 

3.9 
3.8 

3.9 
3.8 

* 

3.9 
3.8 

3.9 
3.8 

3.9 



•74.68 

74.84 
75.00 

75.16 

75.31 

75.47 

75.63 

75-79 

7594 
70.10 

76.26 

76.42 

76.58 

76.74 
76.90 

77.07 
77.23 
77.39 
77.55 
77.71 

77.87 
78.03 

78.20 
78.36 
78.53 

78.69 
78.86 
79.02 
79.19 

79.35 

79.52 
79.68 

79.85 
80.02 

80.19 

80.36 

80.53 
80.70 

80.87 

81.04 



Biff, 



0.16 
0.16 
0.16 

0.15 
0.16 

0.16 
0.16 

0.15 
0.16 

0.16 

0.16 
0.16 
0.16 
0.16 
0.17 

0.16 
0.16 
0.16 
0.16 
0.16 

0.16 
0.17 
0.16 
0.17 
0.16 

0.17 
0.16 
0.17 
0.16 
0.17 

0.16 
0.17 
0.17 
0.17 
0.17 

0.17 
0.17 
0.17 
0.17 
0.17 



/• 



0.04163 
0.04169 
0.04175 
0.04181 
0.04187 

0.04193 
0.04200 
0.04206 
0.04212 
0.04218 

0.04224 
0,04230 
0.04236 
0.04242 
0.04248 

0.04255 
0.04261 
0.04267 
0.04273 
0.04279 

0.04285 
0.04291 
0.04297 
0.04304 
0.04310 

0.04316 
0.04323 
0.04329 

0.04335 
0.04342 

0.04348 
0.04354 
0.04360 
0.04367 
0.04373 

0.04379 
0.04386 
0.04392 
0.04398 
0.04405 



Biff. 


T, 


6 


1.670 


6 


1.672 




1.674 


6 


1.676 


6 


1.678 


•« 


1.679 


7 
6 


1.681 


1.683 


6 


1.685 


6 


1.687 


6 


1.689 


\3 


1.691 


\3 

6 


1.693 


6 


1.695 


7 


1.697 


6 


1.698 


6 


1.700 


/; 


1.702 


6 


1.704 


\3 

6 


1.706 


6 


1.708 


6 


1. 710 


7 
6 


1. 712 
1.714 


6 


1. 716 


7 
6 


1.717 


1.719 


6 


1.721 


7 
6 


1.723 


1.725 


6 


1.727 


6 


1.729 


7 
6 


1.731 


1.733 


6 


1.735 


7 
6 


1.737 


1-739 


6 


1.741 


7 
6 


1.743 


1.745 



Biff. 



2 
2 
2 
2 
I 

2 
2 
2 
2 
2 

2 
2 

2 
2 

I 

2 
2 
2 
2 
2 

2 
2 
2 
2 
I 

2 
2 

2 
2 
2 

2 
2 
2 
2 

2 

2 
2 
2 
2 
2 
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TABLE I— Continued. 



V 


s. 


Diff. 


A 


Diff. 


/. 


Diff. 


n 


Diff. 


1970 
1969 


4581. 1 
4584.9 


3.8 


81.21 
81.38 


0.17 
0.17 
O.I 7 

T^ 


0.0441 1 
0.04417 


6 

7 
6 


1.747 
1.749 


2 


1968 
1967 


4588.8 
4592.7 


3.9 
3.9 

1 ?K 


81.55 
81.72 


0.04424 

0.04430 


1.750 
T.752 


1 
2 


1966 


4596.5 


3-^ 
3.9 


81.90 


O.I7 


0.04436 


7 


1.754 


2 


1965 ' 


4600.4 


1 e\ 


82.07 


f 
O.I7 


0.04443 


/; 


1.756 


f% 


1964 


4604.3 


3-9 
3-8 

■9 e\ 


82.24 


0.04449 


7 


1.758 




1963 


4608.1 


82.41 


O.I 7 


0.04456 


1.760 




1962 


4612.0 


3-9 


82.59 




0.04462 


6 

7 


1.762 




I96I 


4615.9 


3-9 
3.9 


82.76 


O.I 7 

O.I 7 


0.04468 


1.764 


2 
2 


i960 


4619.8 


4 i\ 


82.93 


n tK 


0.04475 


6 


1.766 


fy 


1959 


4623.7 


3.9 
3.8 

3.9 


83.11 


yj, 1 
O.I 7 
O.18 
O.I7 
O.18 


0.04481 


1/ 

7 

7 
6 


1.768 




1958 
1957 


4627.5 
4631.4 


8328 
83.46 


0.04488 

0.04495 


1.770 
1.772 


2 
9 


1956 


4635.3 

• 


3-9 
3.9 


83.63 


0.04501 


7 


1-774 


2 


1955 


4639.2 


^ ^ 


83.81 


/N T 'V 


0.04508 


7 
6 

7 
6 


1.776 


fy 


1954 

»953 


4643.1 
4647.0 


3.9 
3-9 


83.98 
84.16 


0. ly 
O.18 


0.04515 
0.04521 


1.778 
1.780 


2 
f% 


1932 


4650.9 


3-9 

"9 f\ 


84.33 


0.17 
t5^ 


0.04528 


1.782 





1951 


4654.8 


3-9 
3-9 


84.51 


\j, 1 
0.18 


1 0.04534 


7 


1.784 


2 


1950 


4658.7 


*% £\. 


84.69 


^% T H 


0.04541 


1 

7 

6 


1.786 


fy 


1949 


4662.6 


3-9 


8f4.86 


0.17 
t8 


1 0.04548 


1.788 


2 


1948 


4666.5 


3-9 


85.04 


tX 


0.04554 


7 

7 
6 


1.790 


2 


1947 


4670.4 


3 9 


85.22 


VJ. X 

t8 


0.04561 


1.792 


2 


1946 


4674.3 


3-9 
3.9 


85.40 


Vi/. X 
0.18 


0.04568 


1.794 


2 


1945 


4678.2 


1 /\ 


85.58 


D tX 


0.04574 


7 

7 
6 

7 
6 


1.796 


9 


1944 


4682.1 


3-9 


85.76 


\J, X 

0.18 
0.18 


0.04581 


1.798 


«7 


1943 
1942 


4686.0 
4689.9 


3-9 
3.9 


85.94 
86.12 


j 0.04588 

0.04594 


1.800 
1.802 


2 
fy 


1941 


4693.8 


3-9 
3.9 


86.30 


0. 10 
0.18 


0.04601 


1.804 


2 


1940 


4697.7 


•9 f\ 


86.48 


t51 


0.04607 


7 


1.806 


fy 


1939 


4701.6 


3-9 


86.66 


v». XO 

0.18 
0.18 


0.04614 


1.808 


fy 


1938 
1937 


4705.5 
4709.4 


3-9 
3.9 


86.84 
87.02 


0.04621 
0.04627 


7 
6 

7 
7 


1.810 
1.812 


2 


1936 


4713.3 


3.9 
4.0 


87.21 


0.19 
0.18 


0.04634 


1.814 


2 


1935 


4717.3 


f /\ 


87.39 


n tX 


0.04641 


7 
6 


1.816 


2 


1934 


4721.2 


3.9 

'7 /\ 


87.57 


n t5^ 


0.04648 


1.818 


2 


1933 


4725.1 


3-9 


87.75 




0.04654 


7 
7 
7 


1.820 


£1 
9 


1932 


4729.0 


3-9 


87.94 


u. 19 

0.18 
0.18 


0.64661 


1.822 


A 



1931 


4733-0 


4.0 
3.9 


88.12 


0.04668 


1.824 


2 
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TABLE I— Continued. 



V 


s. 


Diff. 


A, 


Biff, 


/• 


Biff. 


T. 


Biff. 


1930 
1929 


4736.9 
4740.8 


3-9 

A r\ 


* 

88.30 
81.49 


0.19 

t8 


0.04675 
0.04682 


7 
6 


1.826 
1.828 


2 
2 


1928 


4744.8 


4.0 


88.67 




0.04688 


\^ 


1.830 


<9 


1927 

1926 


4748.7 
.4752.7 


3 9 

4.0 

3-9 


88.86 
89.04 


0.19 
0.18 
9.19 


0.04695 
0.04702 




1.832 
1.334 


2 

3 


1925 
1924 


4756.6 

4760.6 


4.0 


89.23 
89.41 


0.18 


0.04709 

0.047 1 6 




1.837 
1.839 


2 

«7 


1923 


4764.5 


3-9 

A rt 


89.60 


U.I9 

tR 


0.04722 




I. 84 1 


2 


1922 


4768.5 


4.0 


89.78 




0.04729 




1.843 





I92I 


4772.4 


3-9 
4.0 


89.97 


0.19 
0.19 


0.04736 




1.845 


2 


1920 


4776.4 


f f\ 


90.16 


C\ "X Ck 


0.04743 




1.847 


2 


I9I9 
I9I8 


4780.3 
4784.3 


3-9 

4.0 


9035 
90.54 


0.19 


0.04750 
0.04757 




1.849 
1.85 I 


2 



I9I7 

I9I6 


4788.2 
4792.2 


3-9 

4.0 

3-9 


90.73 
90.92 


0. 19 
0.19 
0.19 


0.04764 
0.04771 




1.853 
1.855 


2 

3 


I9I5 


4796.1 


A /'\ 


91. II 


f\ "% f\ 


0.04678 




1.858 





I9I4 


1 4800.1 


4.0 
A f\ 


91.30 


0.19 

e\ "X €\ 


0.04785 




1.860 


A 



I9I3 


4804.1 


4.0 


91.49 


vJ. 19 


0.04792 




y.862 


mi 



I9I2 


.4808.0 


3.9 

A ^\ 


91.68 


0.19 


0.04799 




1.864 




I9II 


4812.0 


4.0 
4.0 


91.87 


0.19 
0.19 


0.04806 




1.866 


2 


I9IO 


4816.0 


^% ^x 


92.06 


^N T ^\ 


0.04813 




1.868 


/> 


1909 


4819.9 


3-9 

A r> 


92.25 


0.19 


0.04820 




1.870 


2 



1908 


4823.9 


4.0 


92.44 




0.04827 




1.872 


A 
t 


1907 


4827.8 


3-9 


92.64 


0.20 

f\ X f\ 


0.04834 




1.875 


3 


1906 


4831.8 


4.0 
4.© 


92.83 


0. 19 

0.19 


0.04841 




1.877 


2 


1905 


4835.8 


A C\ 


93.02 


r\ '>e\ 


0.04848 




1.879 





1904 


4839.8 


4.0 
A n 


93.22 




0.04856 


t 


1,881 




1903 


4843.8 


4.0 

A r\ 


93.41 




0.04863 




1.883 




1902 


4847.8 


4"^ 
A n 


93.60 




0.04870 




1.885 


A 



I90I 


4851.8 


4.0 

4.0 


93.80 


0.19 


0.04877 




1,887 


2 


1900 


4855.8 


4.0 

A n 


93.99 


n irt 


0.04884 




1.889 





1899 


4859.8 


94.19 




0.04891 




1.891 




1898 


4863.8 


4.0 

A f^ 


94.39 


\J,4S\J 

rt T 


0.04898 




1.893 


3 



1897 


4867.8 


4.0 
A T 


9458 


ft 'jft 


0.04905 




1.896 


1896 


4871.9 


4.1 

4.0 


94.78 


0.20 


0.04912 




1.898 


2 


1895 


4875.9 


A n 


94.98 


0.19 

ft 9ft 


0.04919 




1.900 


*» 


1894 


4879.9 


4.0 
4.0 
4.0 

A T 


95.17 


0.04927 




1.902 


2 


1893 

1892 


4883.9 
4887.9 


95.37 
95.57 


0.20 

ft T rk 


0.04934 
0.04941 




1.904 
1.906 


2 


I89I 


4892.0 


4-* 

4.0 


95.76 


0.20 


0.04948 




1.908 


2 
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TABLE I— Continued. 



8, 



Diff. 



1890 
1889 
1888 
1887 
1886 

1885 
1884 
1883 
1882 
1881 

1880 
1879 
1878 
1877 
1876 

1875 
1874 

1873 
1872 

1871 

1870 
1869 
1868 
1867 
1866 

1865 
1864 
1863 
1862 
i86i 

i860 

1859 

1858 

1857 
1856 

1855 
1854 

1853 
1852 

1851 



I 



4896.0 
4900.0 
4904.0 
4908.1 
4912. 1 

4916.2 
4920.2 

4924.3 
4928.3 

4932.4 

4936.4 

4940.5 

4944.5 
4948.6 

4952.6 

4956.7 
4960.7 

4964.8 

4968.8 

4972.9 

4976.9 
4981.0 
4985.0 
4989.1 

4993.1 

4997.2 

5ooi:.3 
5005.4 

5009.5 
5013.6 

5017.7 
5021.8 

5025.8 

5029.9 
5034.0 

5038.1 
5042.2 

5046.3 
5050.4 
5054.5 



4.0 
4.0 

4.1 
4.0 

4.1 

4.0 

4.1 

4.0 

4.1 
4.0 

4.1 
4.0 

4.1 

4.0 

4.1 

4.0 

4.1 
4.0 

4.1 

4.0 

4.1 

4.0 

4.1 
4.0 

4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.0 

4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 



A, 



95.96 
96.16 

96.36 
96.56 

96.76 

96.97 

97.17 
97.37 
97.57 
97-77 

97.97 
98.17 

98.38 
98.58 
98.79 

98.99 
99.20 

99.40 
99.61 
99.81 

100.02 
100.23 
100.44 
100.65 
100.86 

101.07 
101.28 
101.49 
101.70 
101.91 

102.12 
102.33 
102.54 
102.76 
102.97 

103.18 
103.40 
103.61 
103.83 
104.04 



Diff, 



0.20 
0.20 
0.20 
0.20 
0.21 

0.20 
0.20 
0.20 
0.20 
0.20 

0.20 
0.21 
0.20 
0.21 
0.20 

0.21 
0.20 
0.21 
0.20 
0.21 

0.21 
0.21 
o 21 

0.2T 
0.21 

0.21 
0.21 
0.21 
0.21 
0.21 

0.21 
0.21 
0.22 
0.21 
0.21 

0.22 
0.21 
0.22 
0.21 
0.22 



0.04955 
0.04962 
0.04970 
0.04977 
0.04984 

0.04992 
0.04999 
0.05006 
0.05013 
0.05021 

0.05028 
0.05035 
0.05043 
0.05050 
0.05058 

0.05065 
0.05073 
0.05080 
0.05088 
0.05095 

0.05103 
0.05 1 10 
0.05 1 18 
0.05125 
0.05133 

0.05 140 
0.05148 

0.05155 
0.05163 

0.05170 

0.05178 
0.05185 
0.05193 
0.05201 
0.05208 

0.05216 

0.05224 
0.05231 
0.05239 
0.05247 



Diff, 



7 
8 

7 

7 
8 



7 

7 

7 
8 

7 
8 

7 
8 

7 

8 

7 
8 

7 
8 



7 
8 

7 
8 



8 

7 
8 

7 
8 



7 
8 

8 

7 
8 

8 

7 
8 

8 
7 



T 



Diff. 



1. 910 
1. 912 
1.914 
1. 916 
1.919 

1. 921 
1.923 

1.925 
1.928 

1.930 

1.932 

1.934 
1.936 

1.938 

1.94 1 

1-943 

1-945 

1.947 
1.949 

1.95 1 

1-953 

1-955 

1-957 

1-959 
1.962 

1.964 
1.966 
1.968 
1.671 

1-973 

1.975 

1.977 
1.979 

1.982 

i.984 

1.986 
1.988 
1.990 

1.993 
1.995 



2 
2 
2 

3 
2 

2 
2 

3 
2 

2 

2 
2 
2 

3 

2 

2 
2 
2 
2 
2 

2 
2 
2 

3 
2 

2 
2 

3 

2 

2 

2 
2 

3 

2 

2 

2 
2 

3 
2 

2 
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S, 



1850 
1849 
1848 

1847 
1846 

1845 
1844 

1843 
1842 

1841 

1840 

1839 
1838 

1837 
1836 

1835 
1834 

1833 
1832 
183 1 

1830 
1829 
1828 
1827 
1826 

1825 
1824 
1823 
1822 
1821 

1820 
1819 
1818 
1817 
1816 

1815 
1814 
1813 
1812 
1811 



5058.6 
5062.7 
5066.9 
5071.0 

5075-1 

5079.2 
5083.4 

5087.5 
5091.6 

5095-7 
5099.8 



5 
5 
5 

5 

5 
5 
5 
5 
5 

5 
5 

5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 



03.9 
08.0 

12.2 

16.3 

20.5 
24.6 
28.7 

32.9 
37.0 

41.2 

45-3 
49-5 
53.7 
57.8 

62.0 
66.1 

70.3 

74.5 
78.7 

82.9 

87.0 
91.2 

95.4 
99.6 



5203.8 
5208.0 
5212.2 
5216.4 
5220.6 



Diff. 



4.1 
4.2 

4.1 
4.1 
4.1 

4.2 

4.1 
4.1 
4.1 
4.1 

4.1 

4.1 
4.2 

4.1 

4.2 

4,1 

4.1 
4.2 

4-1 
4.2 

4-1 
4.2 

4.2 

4.1 

4.2 

4.1 
4.2 

4.2 

4.» 
4.2 

4.1 
4.2 

4.2 

4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 



A, 



104.26 
104.47 
104.69 
104.91 
105.12 

105.34 
105.56 
105.78 

106.00 
106.22 

106.44 
106.66 
106.88 
107.10 
107.32 

107.55 
107.77 

107.99 

108.22 

108.44 

108.66 
108.88 
109.11 

109.34 
109.56 

109.79 
110.02 
110.24 
110.47 
110.70 



110.93 
III. 16 
1 1 1.39 
111.62 
111.86 



112.09 
112.32 
112.55 
112.79 
113.02 



Biff. 



/• 



0.21 
0.22 
0.22 
0.21 
0.22 

0.22 
0.22 
0.22 
0.22 
0.22 

0.22 
0.22 
0.22 
0.22 
0.23 

0.22 
0.22 
0.23 
0.22 
0.22 

0.22 
0.23 
0.23 
0.22 

0.23, 

0.23 
0.22 
0.23 
0.23 
0.23 

0.23 
0.23 
0.23 
0.24 
0.23 

0.23 
0.23 
0.24 
0.23 
0.23 



0.05254 
0.05262 
0.05270 
0.05278 
0.05285 

0.05293 
0.05301 
0.05309 
0.05316 
0.05324 

0.05332 
0.05340 
0.05348 
0.05356 
0.05364 

0.05371 
0.05379 
0.05387 

0.05395 
0.05403 

0.0541 1 
0.05419 
0.05427 

0.05435 
0.05443 

0.05452 
0.05460 
0.05468 
0.05476 
0.05484 

0.05492 
0.05500 
0.05508 
0.05516 

0.05525 

0.05533 
0.05541 
0.05549 
0.05558 
0.05566 



IHff. 



8 
8 
8 

7 
8 

8 
8 

7 
8 

8 

8 
8 
8 
8 

7 

8 
8 
8 
8 
8 

8 
8 
8 
8 

9 

8 
8 
8 
8 
8 

8 
8 
8 

9 
8 

8 
8 

9 
8 

8 



Diff. 



1.997 

1-999 
2.001 

2.004 

2.006 

2.008 
2.010 
2.012 
2.014 
2.017 

2.019 
2.021 
2.023 
2.026 
2.028 

2.030 
2.032 

2.035 
2.037 

2.039 

2.042 
2.044 
2.046 
2.048 
2.051 

2.053 

2.055 
2.057 

2.060 

2.062 

2.064 
2.066 
2.069 
2.071 
2.073 

2.075 
2.078 

2.080 

2.082 

2.084 



2 
2 

3 
2 

2 

2 
2 
2 

3 

2 

2 
2 

3 

2 

2 

2 

3 
2 

2 
3 

2 

2 
2 

3 



2 
2 

3 

2 

2 

2 

3 

2 

2 
2 

3 
2 

2 

2 

3 
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V 


Sr 


I8I0 


5224,8 


1809 


5229.0 


1808 


52332 


1807 


5237-4 


1806 


5241.6 


1805 


5245.8 


1804 


5250.1 


1803 


5254.3 


1802 


5258.5 


[801 


5262.8 


1800 


5267.0 


1799 


5271.2 


1798 


5275-4 


1797 


52797 


1796 


5283.9 


1795 


^ 5288.r 


1794 


52924 


1793 


5296.6 


1792 


5300.8 


I79I 


5305.1 


1790 


5309.3 


1789 


5313.5 


1788 


5317.8 


1787 


5322.0 


1786 


5326.3 


1785 


5330.5 


1784 


5334.8 


1783 


5339.0 


1782 


5343-3 


I78I 


5347.5 


1780 


5351.8 


1779 


5356.1 


1778 


5360.3 


1777 


5364.6 


1776 


5368.8 


1775 


5373-1 


1774 


5377-4 


1773 


5381.6 


1772 


5385.9 


I77I 


5390.2 



Biff. 


A, 


Biff. 




113.25 




4.2 


♦J «^ 


0.24 


4-2 


*«3.49 
113.72 


■ 

0.23 


4.2 


%3 w 

113.9"^ 


0.24 


4.2 


*j • 


0.23 


4-2 


II4.19 


0.24 


4.3 


114.43 
114.66 


0.23 


4.2 


r^ 


0.24 


4.2 

4.3 
4.2 


114.90 

II5.13 
115.37 

115.61 


0.23 
0.24 
0.24 


4.2 
4.2 
4.3 


115.85 
116.09 

116.33 


0.24 
0.24 
0.24 


4.2 

4-2 


116.57 
116.82 


0.24 
0.25 


4.3 


117.06 


0.24 


4.2 
4.2 

4.3 
4.2 


117.30 

117.54 
117.78 

118.02 


0.24 
0.24 
0.24 
0.24 


4-2 


118.27 


0.25 


4-3 


I18.51 


0.24 


4.2 


118.76 


0.25 


4.3 


119.00 


0.24 


4.2 


• 


0.25 


4.3 
4.2 


119.25 
119.49 


0.24 
0.25 


4.3 
4.2 


119.74 
119.98 
120.23 


0.24 
0.25 


• 4.3 


120.48 


0.25 


4.3 


1 
120.73 


0.25 


4.2 


120.08 


0.25 


4.3 


121,23 


0.25 


4.2 


121.48 


0.25 


4.3 


121.74 


0.26 


4.3 


9 i^ 

121.99 


0.25 


4.2 


122.24 


0.25 


4.3 


• 

122.40 


0.25 


4.3 


122.74 


0.25 


4.3 


# T^ 


0.25 



0.05574 
0.05582 

0.05590 

0.05599 

0.05607 

0.05615 

0.05624 

0.05632 

0.05640 

0.05649 

0.05657 
0.05665 
0.05674 

0.05682 
0.05690 

0.05699 
0.05707 

0.05716 
0.05724 

0.05733 

0.05741 
0.05750 

0.05759 
0.05767 

0.05776 
0.05785 

0.05793 

0.05802 
0.05810 
0.05819 

0.05827 

0.05836 
0.05845 
0.05853 

0.05862 
0.05871 

0.05879 
0.05888 
0.05897 
0.05905 



Biff. 



8 
8 

9 

8 

8 



9 

8 

8 

9 
8 



8 

9 
8 

8 
9 

8 

9 
8 

9 
8 



9 

9 

8 

9 
9 

8 

9 
8 

9 
8 



9 

9 
8 

9 
9 

8 

9 

9 
8 

9 



T.. 



Biff. 



2.087 
2.089 
2.092 
2.094 
2.096 

2.099 
2.101 
2.104 
2.106 
2.109 

2. Ill 
2. 113 
2. 115 
2.118 
2.120 

2.122 
2.125 
2.127 
2.129 
2.132 

2.134 
2.136 
2.139 
2. 141 

2.143 

2.146 
2.148 
2. 151 

2.153 
2.156 

2.158 
2.160 
2.163 
2.165 
2.167 

2.170 
2.172 

2.175 
2.177 

2.180 



2 

3 

2 

2 
3 

2 

3 
2 

3 

2 

2 
2 

3 

2 

2 

3 

2 

2 

3 
2 

2 

3 

2 

2 
3 

2 

3 

2 

3 



2 

3 
2 

2 
3 

2 

3 

2 

3 
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8. 



Biff. 



770 
769 
768 
767 
766 

765 
764 

763 
762 

761 

760 

759 
758 
757 
756 

755 
754 
753 
752 
751 

750 

749 
748 

747 
746 

745 
744 

743 
742 

741 

740 

739 
738 
737 
736 

735 
734 
733 
732 

731 



5394.5 
5398.8 
5403.1 
5407.4 
5411.7 

5416.0 
5420.3 
5424.6 
5429.0 

5433-3 

5437.6 

5441.9 
5446.2 

5450.6 
5454.9 

5459-2 
5463.6 

5467.9 
5472.2 
5476.6 

5480.9 

5485.3 
5489.6 

5494.0 

5498.3 

5502.7 
5507.0 
551^.4 

5515.7 
5520.1 

5524.4 
5528.8 

5S33.I 
5537.5 
5541.8 

5546.2 
5550.6 
5555.0 
5559.4 
5563.8 



4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.4 
4.3 
4.3 

4.3 
4.3 
4.4 
4.3 
4.3 

4.4 
4.3 
4-3 
4.4 
4.3 

4.4 
4.3 
4.4 
4.3 
4.4 

4.3 
4.4 
4.3 
4.4 
4.3 

4.4 
4.3 
4.4 
4.3 
4.4 

4.4 
4.4 
4.4. 
4.4 
4.4 



Diff. 



/• 



22.99 
23.25 

23.51 
23.76 

24.02 



24.28 

24.53 
24.79 
25.05 
25.30 

25.56 
25.82 

26.08 

26.34 
26.61 

26.87 

27.13 
27.40 

27.66 
27.93 

28.19 
28.46 

28.73 
28.99 

29.26 

29.53 
29.79 

30.06 

30.33 
30.59 

30.86 

31-40 
31.67 

31.94 

32.21 
32.48 
32.76 
3303 
33-3^ 



0.26 
0.26 
0.25 
0.26 
0.26 

0.25 
0.26 
0.26 
0.25 
0.26 

0.26 
0.26 
0.26 
0.27 
0.26 

0.26 
0.27 
0.26 
0.27 
0.26 

0.27 
0.27 
0.26 
0.27 
0.27 

0.26 
0.27 
0.27 
0.26 
0.27 

0.27 
0.27 
0.27 
0.27 
0.27 

0.27 
0.28 
0.27 
0.28 
0.28 



0.05914 
0.05923 
0.05931 
0.05940 
0.05949 

0.05958 
0.05967 
0.05976 
0.05985 
0.05994 

0.06003 
0.06012 
0.06021 
0.06030 
0.06039 

0.06049 
0.06058 
0.06067 
0.06076 
0.06085 

0.06094 
0.06103 
0.061 12 
0.061 2 1 
O.0613I 

0.06140 
0.06149 
0.06159 
0.06168 
0.06177 

0.06186 
0.06195 
0.06204 
0.06214 
0.06223 

0.06232 
0.06242 
0.06251 
0.06260 
0.06270 



Diff. 


T. 


Biff. 




2.182 




9 

8 


2.184 


2 

>9 


2.187 


3 


9 
9 


2.189 
2.102 


2 
3 


9 


• 


2 


9 
9 


2.194 
2.197 


3 

2 


9 


2.199 
2.202 


3 


9 




2 


9 


2.204 


3 


9 
9 


2.207 


2 


2.209 


2 


2. 211 




9 


2.214 


3 


9 


2.216 


2 


10 


2. 210 


3 


9 


2.221 


2 


9 


2.224 


3 


9 


2.226 


2 


9 
9 


2.229 
2.231 


3 
2 


9 


2.234 


3 


9 

9 
10 


2.236 
2.239 
2.241 


2 

3 

2 


9 


2.244 


3 


9 
10 


2.246 


2 

3 
2 


9 


2.249 




2.251 




9 
9 


2.254 


3 

2 


9 
9 


2.256 

2.259 
2.262 


3 
3 


10 


2.264 


2 


9 
9 


2.267 


3 

2 


10 


2.269 


3 




2.272 


9 

9 
10 




2.275 
2.277 

2.280 


3 
2 

3 

2 
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1 S568-2 


4-4 
4-4 


133.59 


0.27 
0.28 
0.28 

0.28 
0.28 


0.06279 




2.282 


5577° 


133-86 

13414 


0.06289 
0.06297 


9 


Ifsl 


SS81-4 


4.4 


'34-42 


0.06307 


10 


2.290 


5585.8 


4-4 
4.5 


134-70 


0.06317 


9 


2.293 


SS90.3 


4.4 

44 
4.4 
4-5 
4-4 


134.98 


0.28 
0.28 
0.28 
0.28 
0.28 


0.02326 




2.296 


SS94-7 


135.26 


0.06336 


10 


2.2,8 


5S99-I 


'35-54 


0.06346 


10 


2.301 


5603-5 


135-82 


0.06355 


9 


2.303 


5608.0 


136.10 


0.06365 


lo 


2.306 


56ia.4 




136.38 


0.28 


0.06375 




2.30S 


5616.8 


4.4 


136.66 


0.06385 


10 


2.310 


56ai.z 


4.4 

4.5 


136.95 


0.29 

0.28 


0.0639s 


10 


2.313 


5625-7 


137-23 


0.06404 


9 


2.315 


5630.1 


4.4 
4.4 


137-52 


0.29 

0.28 


0.06414 


!o 


2.318 


5634-5 


4.5 


137-80 




0.06414 




2.320 


56390 


138.09 


III 


0.06433 


9 


2.323 


5643-4 


4.4 


138.37 


0.06443 


10 


2.325 


5647.8 


4.4 
4-S 
4-4 


138.66 


0.29 

o.z8 
0.29 


0.06453 


10 


2.328 


5652-3 


138-94 


0.06462 


9 


2.330 


5656.7 


4.5 


'39-23 




0.06472 




2.333 


5661.3 


139.52 


0.29 


0.06482 


10 


2.336 


S665.6 

5670.1 


4.4 
4.5 


139.81 
140.10 


0.29 
0.29 


0.06492 
0.06502 


lo 


2.338 
2.341 


5674.6 


4-S 
4-4 


140.39 


0.29 
0.29 


0.065 1 1 


9 


2.344 


5679.0 


4-5" 
4-S 


140.68 




0.0652. 




2.346 


5683.5 


140.97 


0-29 


0.06531 


10 


2.349 


5688.0 


141.26 


0.29 


0,06540 


9 


2.35 « 


5692.4 


4.4 

4.5 
4.4 


'4'-55 


0.29 


0.06550 


10 


2.354 


5696.9 


141.84 


0.19 
0.29 


0,06560 


\l 


'•3s; 


S7o'.3 


4.5 


142.13 




0.06570 




2.359 


5705.8 


142.42 


0.29 


0.06580 


W 


..36. 


5710.2 


4.4 


142.71 


0.29 


0.06590 


10 


2.364 


5714-7 


4-5 


143.00 


0-29 


0.06600 


10 


2.367 


5719-1 


4.4 
4.5 


143-29 


0.29 
0.30 


0.06610 


!° 


2.369 


5723.6 


4.5 
4.5 


'43*59 




0.06620 




2.372 


5728.! 
5732.6 


'43.89 
144.19 


0.30 

0.30 


0.06631 
0.06641 


;; 


2.37s 
2.377 


5737.1 


4.5 
4.5 
4.5 


144.49 


0.30 


0.06651 


10 


2.380 


5741-6 


144.79 


0.30 
0.30 


0.06661 


To 


2.383 
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TABLE I-^CONTINUED. 



S. 



1690 
1689 
1688 
1687 
1686 

1685 
1684 
1683 
1682 
1681 

t68o 
1679 
1678 
1677 
1676 

1675 
1674 

1673 
1672 

1671 

1670 
1669 
1668 
1667 
1666 

1665 
1664 
1663 
1662 
1661 

1660 

1659 
1658 

1657 
1656 

1655 
1654 

1653 
1652 

1651 



5746.1 

5750-6 

5755.1 
5759-6 

5764.1 

5768.6 

5773-1 
5777.6 

5782.2 
5786.7 

5791.2 

5795.-7 
5800.2 

5704.8 
5809.3 

5813.8 
5818.4 
5822.9 

5827.4 
5832.0 

5836.5 
5841.0 

5845.6 

5850.1 

5854.7 

5859.3 
5863.8 

5868.4 

58730 

5877.6 

5882.2 
5886.7 

5891.3 

58959 
5900.5 

5905.1 

5909.7 

5914.3 
5918.9 

5923.5 



Diff. 



4.5 
4.5 
4.5 
4.5 
4.5 

4.5 

4.5 
4.6 

4.5 
4.5 

4.5 

4.5 
4.6 

4.5 
4.5 

4.6 

4.5 

4.5 
4.6 

4.5 

4.5 
4.6 

4.5 
4.6 

4.6 

4.5 
4.6 

4.6 

4.6 

4.6 

4.5 
4.6 

4.6 

4.6 

4.6 

4.6 
4.6 
4.6 
4.6 
4.6 



Av 



Biff. 



145.09 

145-39 

145.69 

145.99 
146.29 

146.59 
146.89 

147.19 
147-50 
147.81 

148.12 

148.43 
148.74 

14905 
149.36 

149.67 
149.98 

150.29 

150.60 

150.91 

151.22 

151.53 
151.84 

152.15 
152.47 

152.79 
153.11 
153.43 
153.75 
154.07 

154-39 
154.71 

155.03 
155-35 
155.67 

• 

155.99 ' 

156.31 
156.64 

156.97 
157.30 



0.30 
0.30 
0.30 
0.30 
0.30 

0.30 
0.30 
0.31 
0.31 
0.31 

0.31 

0.31 
0.31 

0.31 
0.31 

0.31 

0.31 
0.31 

0.31 
0.31 

0.31 
0.31 

0.31 

0.32 

0.32 

0.32 
0.32 
0.32 

0.32 
0.32 

0:32 
0.32 

0.32 
0.32 

0'32 

• .« "^ 

i 

* 

0.32 

0.33 
0.33 
0.33 
0.33 



0.06671 
0.06681 
0.06691 
0.06702 
0.06712 

0.06722 
0.06732 

0.06743 
0.06753 

0.06763 

0.06773 

0.06783 
0.06794 
0.06804 
0.06815 

0.06825 

0.06835 

0.06846 
0.06856 
0.06867 

0.06877 

0.06888 
0.06898 

0.06909 
0.06919 

0.06930 
0.06941 
0.06951 
0.06962 
0.06972 

0.06983 

0.06994 
0.07005 
0.07015 
0.07026 



^0.07037 
0.07047 
0.07058 
0.07069 
0.07079 



Biff. 



10 
10 
II 
10 
10 

10 
II 
10 
10 
10 

10 
II 
10 
II 
10 

10 
II 
10 
II 
10 

II 
10 
[I 
10 
II 

II 
10 
II 
10 
II 

II 
II 
10 
II 
II 

10 
II 
II 
10 
II 



r, 



* 



2.385 
2.388 

2.391 

2.393 
2.396 

2.399 
2.401 

2.404 

2.407 
2.409 

2.412 

2.415 
2.418 

2.420 

2.423 

2.426 
2.428 

2.431 

2.434 
2.436 

2.439 
2.442 

2.445 
2.448 

2.450 

2.453 
2.456 

2.459 
2.461 

2.464 

2.467 

2.470 

2.472 

2.475 
2.478 

2.481 

2.483 
2.486 

2.489 

2.492 



Biff. 



3 

3 

2 

3 
3 

2 

3 

3 
2 

3 

3 

3 
2 

3 
3 

2 

3 

3 

2 

3 

3 
3 

3 

2 

3 

3 

3 

2 

3 
3 

3 

2 

3 
3 
3 

2 

3 
3 
3 
3 
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1650 
1649 
1648 
1647 
1646 

1645 
1644 

1643 
1642 

1641 

1640 
1639 

1638 
1637 
1636 

1635 
1634 

1633 
1632 

1631 

1630 
1629 
1628 
1627 
1626 

1625 
1624 
1623 
1622 
1621 

1620 
1619 
1618 
1617 
1616 

1615 
1614 
1613 
1612 
1611 



S, 



5928.1 

5932.7 
5937.3 
5941.9 
5946.5 

595I.I 

5955.7 
5960.4 

5965.0 
5969.6 

S974.3 
5978.9 
5983.6 
5988.2 
5992.8 

5997.5 
6002.1 

6006.7 

601 1.4 

6016.0 

6020.7 
6025.3 
6030.0 
6034.6 

6039.3 

6044.0 
6048.7 

6053.4 
6058.1 
6062.8 

6067.5 
6072.2 
6076.9 
6081.6 
6086.3 

6091.0 

6095.7 
6100.4 

6105. I 

6109.9 



Diff. 



4.6 

4.6 

4.6 
4.6 
4.6 

4.6 

4.7 
4.6 
4.6 

4.7 

4.6 

4.7 
4.6 
4.6 

4.7 

4.6 
4.6 

4.7 
4.6 

4.7 

4.6 

4.7 
4.6 

4.7 
4.7 

4.7 
4.7 
47 
4.7 
4.7 

4.7 
4.7 
4.7 
4.7 
4^ 

4.7 

4.7 

4.7 
4.8 

4-7 



A, 



157.63 

157.96 
158.29 

158.62 
158.95 

159.28 
159.61 

159.94 
160.27 

160.60 

160.94 
161.27 
161.61 
161.94 
162.28 

162.62 
162.96 
163.30 
163.64 
163.98 

164.32 
164.66 
165.00 

165.34 
165.68 

166.02 
166.37 
166,72 
167.07 
167.42 

167.77 
168.12 
168.47 
168.82 
169.17 

169.53 
169.88 

170.23 

170.58 

170.94 



Dtff. 



0'33 
0.33 
^'33 
0'33 
0'33 

o>33 
0-33 
0.33 
0'33 
0.34 

<^-33 
0.34 
0-33 
0.34 
0.34 

0.34 
0.34 
0.34 
0.34 
0.34 

0.34 
0.34 
0.34 
0.34 
0.34 

0.35 
0.35 
0.35 
0.35 
0.35 

0-35 

0-35 

0.35 

0.35 
0.36 

0.35 

0.35 

0.35 
0.36 

0-35 



/. 


Biff. 


r. 


0.07090 


T T 


2.495 


0.07IOI 


1 1 
T T 


2.498 


0.071 12 


X X 
T T 


2.501 


0.07123 


1 1 
T T 


2.503 


0.07134 


X X 

II 


2.506 


0.07145 


T T 


2.509 


0.07156 


X X 
T T 


2.512 


0.07167 


X X 

T T 


2.515 


0.07178 


X X 
T T 


2.517 


0.07189 


X X 
II 


2.520 


0.07200 


T ¥ 


2.523 


0.07211 


X 1 

T T 


2.526 


0.07222 


X X 

T T 


2.529 


0.07233 


X X 
T 9 


2.532 


0.07245 


J. A 
II 


2.534 


0.07256 


T T 


2.537 


0.07267 


X X 
T f 


2.540 


0.07278 


X X 

T 'S 


2.543 


0.07290 


1 Z 
T T 


2.546 


0.07301 


X I. 

II 


2.549 


0.07312 


T T 


2.552 


0.07323 


M. K 

T T 


2.555 


0.07334 


X X 
T 9 


2.558 


0.07346 


X z 

T T 


2.560 


0.07357 


X X 

12 


2.563 


0.07369 


T T 


2.566 


0.07380 


1 X 

I 2 


2.569 


0.07392 


T T 


2.572 


0.07403 


X Mm 

T I 


2.574 


0.07414 


12 


2.577 


0.07426 


12 

¥ ¥ 


2.580 


0.07438 


2.583 


0.07449 


X X 

12 

T 2 


2.586 


0.07461 


2.588 


0.07473 


X ^ 
II 


2.591 


0.07484 


T 9 


2.594 


0.07496 


X <b 
T T 


2.597 


0.07507 


X X 

12 
II 
12 


2.600 


0.07519 


2.603 


0.07530 


2.606 



Biff. 



3 

3 

2 

3 
3 

3 

3 

2 

3 
3 

3 

3 

3 
2 

3 

3 
3 
3 
3 
3 

3 

3 

2 

3 
3 

3 

3 
2 

3 
3 

3 

3 
2 

3 
3 

3 

3 
3 
3 
3 
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S, 



Diff. 



1610 
1609 
1608 
1607 
1606 

1605 
1604 
1603 
1602 
1601 

1600 

1599 
1598 
1597 
1596 

1595 
1594 
1593 
1592 

1591 

1590 

1589 
1588 

1587 
1586 

1585 
1584 

1583 
1582 

1581 

1580 

1579 
1578 

1577 
1576 

1575 
1574 

1573 
1572 

1571 



61 14.6 

6119-3 
6124.0 

6128.7 
6133.5 

6138.2 
6142.9 
6147.7 
6152.4 
6157.1 

6161.8 
6166.5 
6171.3 
6176.0 
6180.8 

6185.6 
6190.3 
6195. 1 
6199.9 
6004.7 

6209.5 
6214.2 
6219.0 
6223.8 
6228.6 

6233.4 
6238.2 

6243.0 
6247.8 
6252.7 

6257.5 
6262.3 

6267.1 

6272.0 

6276.8 

6281.6 
7286.4 
6291.3 
6296.1 
6301.0 



4.7 
4.7 
4.7 
4.8 

4.7 

4.7 

4.8 

4.7 
4.7 
4.7 

4.7 
4.8 

4-7 
4.8 
4.8 

4.7 
4.8 

4.8 

4.8 

4.8 

4.7 
4.8 
4.8 
4.8 
4.8 

4.8 
4.8 
4.8 

4.9 
4.8 

4.8 

4.8 

4.9 
4.8 

4.8 

4.8 

4.9 
4.8 

4.9 

4.8 



A 



171.29 
171.64 
172.00 
172.36 
172.72 

173.08 

173.44 
173.80 

174.16 
174.52 

174.88 

175.24 
175.60 

175.96 
176.33 

176.70 
177.07 

177.44 
177.81 

178.18 

178.55 
178.92 

179.29 

179.66 

180.03 

180.41 
180.79 
181. 17 

181.55 
181.93 

182.31 
182.69 
183.07 

183.45 
183.83 

184.21 

184.59 
184.98 

185.37 
185.76 



Biff. 



0.35 
0.36 

0.36 

0.36 
0.36 

0.36 
0.36 
0.36 
0.36 
0.36 

0.36 
0.36 
0.36 

0.37 
0.37 

0.37 
0.37 
0.37 
0.37 
0.37 

0-37 
0.37 
0^37 
0.37 
0.38 

0.38 
0.38 
0.38 
0.38 
0.38 

0.38 
0.38 
0.38 
0.38 
0,38 

0.38 

0.39 
0.39 
0.39 
0^39 



0.07542 

0.07554 
0.07565 

0.07577 

0.07589 

0.07601 
0.07613 
0.07624 
0.07636 
0.07648 

0.07660 
0.07672 
0.07684 
0.07696 
0.07708 

0.07720 
0.07732 
0.07745 
0.07757 
0.07769 

0.07781 
0.07793 
0.07805 
0.07818 
0.07830 

0.07842 
0.07854 
0.07867 
0.07879 
0.07891 

0.07903 
0.07915 
0.07928 
0.07940 

0,07953 

0.07965 
0.07978 
0.07990 
0.08003 
0.08015 



Biff, 



12 
II 
12 
12 
12 

12 
II 
12 
12 
12 

12 
12 
12 
12 
12 

12 

13 
12 

12 

12 

12 
12 

13 
12 

12 

12 

13 
12 

12 

12 

12 

13 
12 

13 

12 

13 
12 

13 
12 

13 



2.609 
2.612 
2.614 
2.617 
2.620 

2.623 
2.626 
2,629 
2,632 

2.635 

2.638 
2.641 
2.644 
2.647 
2.650 

2.653 
2.156 

2.659 

2.662 

2.665 

2.668 
2.671 
2.674 
2.677 
2.680 

2.684 
2.687 
2.690 
2.693 
2.696 

2.699 
2.702 
2.705 
2.708 
2,711 

2.714 
2.717 
2.720 
2.723 
2.726 



Biff, 



3 
2 

3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
.3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
4 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
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1570 

1569 
1568 

1567 
1566 

1565 
i5<^4 

1563 
1562 

1561 

1560 

1559 

1558 
1557 
1556 

1555 
1554 
1553 
1552 

1551 

1550 
1549 
1548 

1547 
1546 

1545 
1544 

1543 
1542 

1541 

1540 
1539 
1538 

1537 
1536 

1535 
1534 
1533 
1532 

1531 



S, 



6305.8 
63-10.6 

6315.5 
6320.3 

6325.1 

6330.0 
6334.8 

63397 
6344.5 
6349.4 

6354.2 

6359.1 

63639 
6368.8 

63737 

6378.6 

6383.5 
6388.4 

6393.3 
6398.2 

6403.1 
6408.0 
6412.9 
6417.8 
6422.7 

6427.7 
6432.6 

6437.6 
6442.5 

6447.5 

6452.4 

6457.4 
6462.3 

6467.2 

6472.1 

6477.1 
6482.0 
6487.0 
6491.9 
6496.9 



Diff, 



4.8 

4.9 

4.8 
4.8 

4.9 

4.8 

4.9 
4.8 

4.9 

4.8 

4.9 
4.8 

4.9 
4.9 
4.9 

4-9 
4.9 
4.9 
4.9 
4.9 

4.9 
4-9 
4.9 
4-9 
5.0 

4.9 
5.0 
4.9 
5.0 
4.9 

S-o 
4.9 
4.9 
4.9 
50 

4.9 

S-o 
4.9 
S-o 
4.9 



Dtff. 



186.15 
186.54 
186.93 
187.32 
187.71 

188.10 
188.49 
188.88 
189.28 
189.68 

190.08 
190.48 
190.88 
191.28 
191.68 

192.08 
192.48 
192.88 
193.28 
193.69 

194.10 

194.51 
194.92 

195-33 
19574 

196.15 
196.56 
196.97 

197.38 
197-79 

198.21 
19S.63 

19905 

19947 
199.89 

200.31 
200.73 
ioi.15 
201.57 
201.99 



039 
0.39 
0.39 
0.39 
039 

0-39 

0-39 
0.40 

0.40 

0.40 

0.40 
0.40 
0.40 
0.40 
0.40 

0.40 
0.40 
0.40 
0.41 
0.41 

0.41 
0.41 
0.41 
0.41 
0.41 

0.41 
0.41 
0.41 
0.41 
0.42 

0.42 
0.42 
0.42 
0.42 
0.42 

0.42 
0.42 
0.42 
0.42 
0.42 



/. 



0.08028 
0.08041 
0.C8053 
0.08066 
0.08079 

0.08092 
0.08104 
0.08117 
0.08130 
0.08143 

0.08156 
0.08169 
0.08182 
0.08195 
0.08208 

0.08221 
0.08234 
0.08247 
0.08260 
0.08273 

0.08286 
0.08299 
0.08312 
0.08326 
0.08339 

0.08352 
0.08366 
0.08379 
0.08392 
0.08406 

0.08419 
0.08432 
0.08446 
0.08459 
0.08473 

0.08486 
0.08500 
0.08513 
0.08527 
0.08540 



i>ty. 



3 
2 

3 
3 
3 

2 

3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
4 
3 
3 

4 
3 
3 

4 
3 

3 
4 
3 
4 
3 

4 
3 
4 
3 
4 



Diff. 



2.729 


2.732 


2.735 


2.738 


2.741 


2.745 


2.748 


2.751 


2.754 


2.757 


2.760 


2.763 



2.766 
2.769 

2.773 

2.776 

2.779 

2.782 

2.785 

2.789 
2.792 

2.795 
2.798 

2.801 
2.805 

2.808 

2. 811 
2.814 
2.818 
2.821 

2.824 
2.827 
2.830 
2.834 
2.837 

2.840 

2.843 
2.846 

2.856 
2.853 



3 
3 
3 
3 
4 

3 
3 
3 
3 
3 

3 
3 
3 
4 
3 

3 
3 
3 
4 
3 

3 

3 
3 
4 
3 

3 
3 
4 
3 
3 

3 
3 
4 
3 
3 

3 
3 
4 
3 

3 
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8, 



1530 

1529 
1528 

1527 
1526 

1525 
1524 

1523 
1522 

1521 

1520 

1519 
1518 

1517 
1516 

1515 
1514 

1513 
1512 

15" 

1510 

1509 
1508 

1507 
1506 

1505 
1504 

1503 
1502 

1501 

1500 
1499 
1498 

1497 
1496 

1495 
1494 

1493 
1492 

149 1 



6501.8 
6506.8 
65 1 1.7 
6516.7 
6521.7 

6526.7 

6531.7 
6536.7 
6541.7 
6546.7 

6551.7 

6556.7 
6561.7 

6566.7 
6571.7 

6576.7 
6581.7 

6586.7 

6591.8 

6596.8 

6601.8 
6606.8 
6611.9 
6616.9 
6622.0 

6627.0 
6632.1 
6637.1 
6642.2 
6647.2 

6652.3 

6657.3 
6662.4 

6667.4 

6672.5 

6677.6 
6682.7 
66S7.S 
6692.9 
6698.0 



Diff, 



5.0 
4.9 
5.0 
5.0 
5.0 



5.0 
5.0 

5.0 
5.0 
5.0 

50 
5.0 

5.0 
5.0 

5.0 
5.0 
5.1 
5.0 
5.0 

5.0 
5.1 
5.0 
5.1 
5.0 

5.1 
5.0 
51 
5.0 
5.1 

50 
5.1 
5.0 
5.1 
5.1 

5.1 
5.1 
5.1 
5.1 
5.1 



202.41 
202.84 
203.27 
203.70 
204.13 

204.56 
204.99 
205.42 

20585 
206.28 

206.71 

207.14 
207.58 
208.02 
208.46 

208.90 
209.34 
209.78 
210.22 
210.66 

211. 10 
211.54 
211.99 
212.44 
212.89 

213.34 

213.79 
214.24 

214.69 

215.14 

215.59 
216.05 

216.51 

216.97 

217.43 

217.89 

218.35 
218.81 

219.27 
219.73 



Dif. 



0.43 
0.43 
0.43 
0.43 
0.43 

0.43 
0.43 
0.43 
0.43 
0.43 

0.43 
0.44 

0.44 

0.44 
0.44 

0.44 
0.44 
0.44 
0.44 
0.44 

0.44 

0.45 
0.45 
0.45 
0.45 

0.45 
0.45 
0.45 
0.45 
0.45 

0.46 
0.46 
0.46 
0.46 
0.46 

0.46 
0.46 
0.46 
0.46 
0.46 



/• 


Diff. 


T. 


Dif. 


0.08554 


T A 


2.856 


t% 


0.08568 


14 

T A 


2.859 


3 


0.08582 


14 


2.862 


3 


0.08595 


13 

T A 


2.866 


4 


0.08609 


14 
14 


2.869 


3 
3 


0.08623 


T ^ 


2.872 


M 


0.08636 


13 

T A 


2.876 


4 


0.08650 


14 

T A 


2.879 


3 


0.08664 


14 


2.882 


3 


0.18677 


13 
14 


2.886 


4 
3 


08691 


T A 


2.889 


^ 


0.08705 


14 

T A 


2.892 


3 


0.08719 


14 

T A 


2.895 


3 


0.08733 


14 
r A ■ 


2.899 


4 


0.08747 


14 
15 


2.902 


3 
3 


0.08762 


T A 


2.905 


A 


0.08776 


14 

T A 


2.909 


4 


0.08790 


14 


2.912 


3 


0.08804 


14 


2.915 


3 


0.08818 


14 
14 


2.919 . 


4 
3 


0.08832 


«■ M 


2.922 


^% 


0.08846 


14 


2.925 


3 


0.08860 


14 


2.028 


3 


0.08875 


15 


2.932 


4 


0.08889 


14 
14 


2.935 


3 
3 


0.08903 


T ^ 


2.938 


A 


0.08918 


15 

T A 


2.942 


4 


0.08932 


14 

T A 


2.945 


3 


0.08946 


14 


2.948 


3 


0.08961 


■^5 
14 


2.952 


4 
3 


0.08975 


T A 


2.955 


^ 


0.08989 


14 

IS 


2.958 


3 

A 


0.09004 


2.962 


4 


0.09019 


15 

T A 


2.965 


3 


0.09033 


14 

IS 


2.968 


3 

4 


0.09048 


T ^ 


2.972 


^ 


0.09063 


IS 

14 

IS 

15 

T e 


2.975 


3 
4 
3 


0.09077 


2.979 


0.09092 


2.982 


0.09107 


2.985 


3 
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1490 
1489 
1488 

1487 
i486 

1485 
1484 

1483 
1482 

1481 

1480 

1479 

1478 

1477 
1476 

1475 

1474 

1473 
1472 

1471 

1470 
1469 
1468 
1467 
1466 

1465 
1464 

1463 
1462 

1461 

1460 

1459 
1458 

1457 
1456 

1455 
1454 
1453 
1452 

1451 



8. 



Dif. 



A, 



Biff. 



6703.1 
6708.2 

67133 
6718.4 

67235 

6728.6 

6733.7 
6738.8 
6744.0 
6849.1 

6754.3 

6759.4 
6764.6 

6769.7 

6774.9 

6780.0 
6785.2 
6790.3 

6795.5 
6800.6 

6805.8 
6810.9 
6816.1 
6821.3 
6826.5 

6831.7 
6836.9 
6842.1 

6847.3 
6852.5 

6857.7 
6862.9 

6868.1 

6873.4 
6878.6 

6883.8 
6889.1 

6894.3 
6899.5 

6904.8 



5.1 
5.1 
5.1 
5-1 
5.1 

5.1 

5.^ 
5.2 

5-1 • 
5.2 

5.1 

5.2 

5.1 
5.2 

5.1 

5-2 

5.1 

5.2 

5.1 
5-2 

5.1 
5.2 
5.2 

5-2 

5.2 

5-2 

5.2 
5.2 
5.2 
5.2 

5.2 

5.2 

5.3 
5.2 
5.2 

5.3 
5.2 

5.2 

5.3 

5-2 



220.19 
220.66 
221.13 
221.60 
222.07 



222.54 

223.01 

223.48 
223.95 

224.42 
224.90 

225.38 

225.86 

226.34 

226.82 



227.30 
227.78 
228.26 
228.74 
229.23 

229.72 
230.21 
230.70 

231.19 
231.68 

232.17 

232.66 

233.15 
233.65 
234.15 

234.65 
235.15 
235-65 

236.15 
236.65 

237.15 

237.66 

238.17 
238.68 
239.19 



0.47 
0.47 
0.47 
0.47 
0.47 

0.47 
0.47 
0.47 
0.47 
0.48 

0.48 

0.48 
0.48 
0.48 
0.48 

0.48 
0.48 

0.48 

0.49 
0.49 

0.49 
0.49 
0.49 
0.49 
0.49 

0.49 
0.49 
0.50 
0.50 
0.50 

0.50 
0.50 
0.50 
0.50 
0.50 

0.51 

0.51 
0.51 

0.51 

0.51 



/• 



Biff. 



Biff. 



0.09122 
0.09137 
0.0915 1 
0.09166 
0.091 81 

0.09196 
0.092 1 1 
0.09226 
0.09241 
0.09256 

0.09271 
0.09286 
0.09301 
0.09317 
0.09332 

0.09347 
0.09362 
0.09378 

0.09393 
0.09408 

0.09423 
0.09438 
0.06454 
0.09470 
0.09485 

0.09501 
0.09517 
0.09532 
0.09548 
0.09564 

0.09579 
0.09595 
0.096 1 1 
0.09627 
0.09642 

0.09658 
0.09674 
0.09690 
0.09705 
0.09721 



IS 

14 
15 
15 
15 


2.989 


2.992 


2.996 


2.999 


3.003 


15 

IS 
IS 
IS 
IS 


3.006 


3.010 


3.013 


3.017 


3.020 


IS 

15 

16 


3.024 


3.027 


3.031 


15 
15 


3.034 


3.038 


15 

16 


3.041 


3045 


IS 
IS 
IS 


3.048 


3.052 


3.055 


IS 

16 
16 

IS 

16 


3.059 


3.062 


3.066 


3.069 


3.073 


16 


3.076 


3.080 


15 

16 


3.083 


16 


3.087 


IS 


3.090 


16 


3.094 


16 


3.097 


16 

15 
16 


3.IOI 


3.105 


3.108 


16 


3.II2 


16 


3.II6 


15 

t6 


3."9 


3.123 


16 


3.127 



3 
4 
3 
4 
3 

4 
3 
4 
3 
4 

3 

4 

3 

4 
3 

4 
3 
4 
3 
4 

3 
4 
3 
4 
3 

4 
3 
4 
3 
4 

3 
4 
4 
3 
4 

4 
3 
4 
4 
3 



BALLISTIC TABLES. 
TABLE I— Continue 



691C 

6915-3 
6920.S 
6925.8 
6931.0 

69363 

6941-, 
6946.S 
695^ 
6957-3 

6962. 

6967.8 
6973 • 
6978.4 
6983.7 



6994.3 
6999.6 

7004,9 
7010.2 

7015-5 
7020.8 
7026.2 

703' S 

7036.8 

7042.2 
7047-5 
7052.8 
7058-=' 
7063-5 

7068.9 
7074.2 
7079.6 
7085.0 
7090.3 

7095-7 



239.70 

240.21 
240.72 



242.27 
242.79 
243-31 
243-83 
244-35 

244.87 
24S-39 
245-9* 
246.45 
246.98 

247-51 
248-57 



25 m8 



253-40 
253-94 
254-48 

255-02 



2SS-S7 
256.12 
256.67 

357-22 
257-77 



258.87 

259.42 
259.98 
260.54 



/. 


Diff. 


T, 


Diff. 


3-09737 


16 


3-130 




3-09753 


16 


3-134 


3.09769 


16 


3-138 


3-09785 




3-141 


3.09802 


17 
16 


3-145 




3.09818 


16 

16 
16 


3-148 




3.09834 


3-152 




3.09850 


3-156 




3.09866 




3159 


3.09883 


16 


3-163 




3.09899 ' „ 


3.166 




3.09916 


' 


3-170 


3-09 W3 




3-174 


3-099-19 




3-177 


3.09966 




3-181 




3,09982 




3-185 




3,09999 
3.1C015 




3-188 
3-192 


3.10032 




3.196 


3.10048 




3-'99 




3.10065 




3-203 








3-207 




3.10098 




3-211 




3.10115 




3-214 


3.10132 




3-21S 


3.10149 




3.222 




o.roi66 




3-225 




3.10183 




3-229 








3.233 


3.10217 




3-236 




3.10234 




3-240 




3.10251 




3-244 


3.10268 




3-248 




3.10285 




3-252 




3.10303 




3-255 


3.10320 




3-259 




3.10337 




3-263 


3.10354 




3-267 


3.10372 




3.270 


3.10389 




3-274 





BALLISTIC TABLES. 



TABLE I— Continued. 



s. 



I4I0 

1409 

1408 

1407 

1406 

1405 
1404 

1403 

1402 
I40I 

1400 

1399 

1398 

1397 
1396 

1395 
1394 

1393 
1392 

I39I 
1390 

1389 

1388 

1387 
1386 

1385 
1384 

^3^3 
1382 

1381 

1380 

1379 
1378 

1377 
1376 

1375 
1374 

1373 
1^2 

^371 



7122.5 


7127.9 

7133-3 
7138.7 

7 144. 1 


7149.6 

7155.0 
7160.4 

7165.8 

7171.2 


7176.6 
7182.0 

9187.5 
7192.9 

7198.4 


7203.8 
7209.3 
7214.7 
7220.2 


7225.6 


7231. 1 

7236.5 
7242.0 

7247.5 
7253.0 


7258.5 
7264.0 

7269.5 

7275-0 
7280.5 


7286.0 


729'.5 
7297.0 
7302.6 

7308.1 


7313.6 

7319-2 

7324.7 
7330.2 

7335.8 



Diff. 



5.4 
5-4 
5.4 
5.4 
5-5 

5.4 
5-4 
5.4 
5.4 
5.4 

5.4 
5-5 
5.4 
5-5 
5-4 

5.5 
5.4 
5.5 
5.4 
5-5 

5.4 
5-5 
5.5 
5.5 
5.5 

5-5 
5.5 
5.5 
5.5 
5-5 

5-5 
5-5 
5.6 

5-5 
5-5 

5-6 

5-5 
5-5 
5.6 

5.5 



261.10 
261.66 
262.22 
262.78 

263.34 

263.91 
264.48 
265.05 
265.62 
266.19 

266.76 

267.34 
267.92 
268.50 
269.08 

269.66 
270.24 
270.82 
271.40 
271.98 

272.56 

273.15 
273.74 

274.33 
274.92 

275.51 
276.11 

276.71 

277.31 
277.91 

278.51 
279.12 

279-73 
280.34 

280.95 

281.57 
282.18 
282.79 
283.40 
284.02 



Biff, 



0.56 
0.56 
0.56 
0.56 

0.57 

0.57 
0.57 
0.57 
0.57 
0-57 

0.58 
0.58 
0.58 
0.58 
0.58 

0.58 
0.58 
0.58 
0.58 
0.58 

0.59 
0.59 
0.59 
0.59 
0.59 

0.60 
0.60 
0.60 
0.60 
0.60 

0.6 r 

0.61 
0.61 
0.61 
0.62 

0.61 
0.61 
0.61 
0.62 
0.62 



Diff- 



0.10406 
0.10424 
0.10442 
0.10459 
0.10477 

0.10495 
0.10512 
0.10530 
0.10548 
0.10565 

0.10583 
0.1 060 1 
0.10619 
0.10637 
0.10655 

0.10673 
0.10691 
0.10709 
0.10727 
0.10745 

0.10763 
0.10781 
0.10799 
0.10818 
0.10836 

0.10855 
0.10873 
0.1 089 1 
0.10910 
0.10928 

0.10947 
0.10966 
0.10984 
0.1 1 003 
0.11022 



0.1 1040 
0.11059 
0.11078 
0.11097 
0.1 1 116 



8 
8 

7 
8 

8 



7 
8 

8 

7 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 

9 
8 



8 
8 

9 
8 



n 



9 

8 

9 

9 
8 



9 
9 
9 
9 



3.278 
3.282 
3.286 
3.289 

3.293 

3.297 
3.301 

3.305 
3309 
33^3 

3317 
3.321 

3.324 
3-328 

3.332 

3-33^ 
3340 

3.344 
3348 
3352 

3.356 
3-360 
2.364 

3.368 

3.372 

3.376 
3.380 

3.384 
3.388 

3.392 

3.396 
3.400 

3.404 
3.408 

3.412 

3.416 
3.420 

3.424 
3.428 

3.432 



Diff, 



4 
4 
3 
4 
4 

4 
4 
4 
4 
4 

4 
3 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 

4 
4 
4 

4 
4 
4 
4 
4 



• i 

• 4 

• 4 
• • 






• • 
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F 


s. 


1370 


7341.3 


1369 


7346.9 


1368 


7352.5 


1367 


7358.1 


1366 


7363.7 


1365 


7369.3 


1364 


7374.9 


^3^3 


7380.5 


1362 


7386.2 


1361 


7391.8 


1360 


7397.4 


1359 


7403.0 


1358 


7408.7 


1357 


7414.4 


1356 


7420.1 


1355 


7425.8 


1354 


7431.5 


1353 


7437.2 


1352 


7442.9 


1351 


7448.6 


1350 


7454.3 


1349 


7460.0 


1348 


7465.8 


1347 


7471.5 


1346 


7477.3 


1345 


7483.1 


1344 


7488.9 


1343 


7494.7 


1342 


7500.5 


1341 


7506.3 


1340 


7512.1 


1339 


7517.9 


1338 


7523.7 


1337 


7529.6 


1336 


7535-4 


1335 


7541.3 


1334 


7547.2 


1333 


7553-0 


1332 


7558.9 


1331 


7564.8 



Diff. 



5.6 
5.6 
5.6 
5.6 
5.6 

5.6 
5.6 

5.7 
5.6 
5.6 

5.6 

5.7 
5.7 
5.7 
5.7 

5.7 

5-7 
5.7 
5.7 
5-7 

5.7 
5.8 
5.7 
5.8 
5.8 

5.8 
5.8 
5.8 
5.8 
S'^ 

5-8 
5.8 

5.9 

5.8 

5-9 

5.9 
5-8 

5-9 
5.9 
5.9 



284.64 
285.26 
285.88 
286.50 
287.13 

287.76 
288.39 
289.02 
289.66 
290.30 

290.94 
291.58 
292.22 
292.87 

293.52 

294.17 
294.82 

295.47 
296.12 

296.78 

297.44 
298.10 
298.76 

299.43 
300.10 

300.77 

301.44 
302.12 

302.80 
303.48 

304.16 
304.84 

305.53 
306.22 

306.91 

307.60 
308.30 
309.00 
309.70 
310.40 



Diff. 



Iv 



0.62 
0.62 
0.62 
0.63 
0.63 

0.63 
0.63 
0.64 
0.64 
0.64 

0.64 
0.64 
0.65 
0.65 
0,65 

0.65 
0.65 
0.65 
0.66 
0.66 

0.66 
e.66 
0.67 
0.67 
0.67 

0.67 
0.68 
0.68 
0.68 
0.68 

0.68 
0.69 
0.69 
0.69 
0.69 

0.70 
0.70 
0.70 
0.70 
0.70 



0.11135 
0.11154 

0.11173 

0.11192 

0.1 121 1 

0.1 1 230 
0.1 1 249 
0.11268 
0.11288 
0.1 1 308 

0.11328 
0.1 1348 
0.1 1368 
0.H388 
0.1 1408 

0.11428 
0.1 1448 
0.1 1468 
0.1 1488 
0.11508 

0.11528 
0.11548 
0.11568 
0.11588 
0.1 1 608 

0.11628 
0.1 1 649 
0.11670 
0.11691 
0.11712 

0.11733 

0.11754 

O.II775 
0.11796 

0.11817 

0.1 1 838 
0.1 1859 
0.1 1 880 
0.11901 
0.11923 



Diff. 


T, 


19 
19 

T f\ 


3-43^ 


3-440 


3.444 


^9 
19 
19 


3.448 


3.453 


19 


3.457 


3.461 


19 
20 

20 


3.465 
3.469 


20 


3-473 


20 
20 
20 
20 


3.477 
- 3.481 

3.485 
3.489 


20 


3.494 


20 


3.498 


20 
20 


3.502 
3.506 


20 


35" 


20 


3.515 


20 


3.519 


20 


3.523 


20 


3.527 


20 
20 


3532 
3.536 


21 


J.540 


21 


3.545 


21 


3-549 


21 
21 


3.553 
3.558 


21 
21 


3.562 
3.566 


21 


3.571 


21 


3.575 


21 


3.579 


21 
21 


3.584 
3.588 


21 


3.593 


'>'> 


3.597 




v6o2 


22 


%j 



Biff, 



4 
4 
4 
5 
4 

4 
4 
4 
4 
4 

4 
4 
4 

5 
4 

4 
4 
5 
4 
4 

4 
4 
5 
4 
4 

5 
4 
4 
5 
4 

4 
5 
4 
4 
S 

4 
5 
4 
5 
4 
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TABLE I— Continued. 



V 


s. 


Dtff. 


1 -^ 


Biff. 


/. 


Diff. 


T, 


Biff. 


1330 


7570.7 


f 


311. 10 


^%. M «■ 


O.II945 




1 

3.606 


M 


1329 
1328 

1327 
1326 


7576.6 
7582.6 

7588.5 

7594.5 


5-9 
6.0 

5-9 
6.0 

5.9 


3II.8I 

312,52 

313.23 
513.9s 


0.71 
0.71 
0.71 
0.72 
0.72 


O.I 1967 
O.I 1 989 

0.I20II 
0.12032 


22 

22 
22 
21 
22 


3.610 

3.615 
3.619 

3.624 


4 
S 
4 
5 

4 


1325 
1324 


7600.4 
7606 4 


6.0 

5.9 
6.0 

5-9 
6.0 


314.67 
315.39 


0.72 


0.12054 
0.12076 


22 


3.628 
3.633 


5 

A 


1323 
1322 

I32I 


7612.3 
7618.3 
7624.2 


3I6.II 

316.83 
317.55 


0.72 
0.72 

0.72 
0.73 


0.12098 
O.I2II9 
O.I214I 


21 
22 
22 


3.637 
3.642 

3.646 


4 
5 
4 
5 


1320 

I3I9 
I3I8 
I3I7 

I3I6 


7630.2 
7636.2 
7642.2 
7648.2 
7654.2 


6.0 
6.0 
6.0 
6.0' 
6.0 


318.28 

319.01 

31974 
320.47 

321.21 


0.73 

0.73 

0.73 
0.74 

0.74 


O.I2163 
O.I2185 
0.12207 
0.12229 
O.I225I 


22 
22 
22 
22 
22 


3-651 

3.655 
3.660 

3.665 
3.669 


4 
5 
5 
4 
5 


I3I5 


7660.2 


6 I 


321.9s 


0.74 

0.75 

0.75 

075 
0.76 


0.12273 


99 


3.674 


4 

5 


I3I4 
I3I3 


7666.3 
7672.4 


6.1 
6 I 


322.69 

323.44 


0.12295 
O.I2318 


23 
23 

'7 t 


3.678 
3.683 


I3I2 


7678.S 


60 


324.19 


O.I234I 


3.687 


4 
5 
5 


I3II 


7684.5 


\f»SJ 

6.1 


324.94 


0.12364 


23 
23 


3.692 


I3I0 


7690.6 


6.1 


32570 


96 


0.12387 


23 
23 
23 
23 
23 


3.697 


5 
5 
4 

5 
5 


1309 
1308 

1307 

1306 


7696.7 
7702.8 
7708.9 

7715.1 


6.1 
6.1 
6.2 
6.1 


326.46 
327.22 

327.98 
328.74 


0.76 
0.76 
0.76 

0.77 


O.I24IO 
0.12433 
0.12456 
0.12479 


3.702 
3.707 

3.711 
3.716 


1305 
1304 

1303 
1302 

I30I 


7721.2 
7727.4 

7733.5 
7739^6 

7745-8 


6.2 
6.1 
6.1 
6.2 
6.2 


329.51 

330.28 

331.05 
331.82 

332.60 


0.77 
0.77 
0.77 
0.78 
0.78 


0.12502 
0.12525 
0.12548 
O.I2571 

0.12595 


23 
23 
23 
24 
24 


3.721 

3.725 
3.730 

3.735 
3.739 


4 
S 
5 

4 
5 


1300 


7752.0 


6 2 


333.38 


'78 


O.I2619 


23 
24 

24 

<V A 


3.744 


5 
5 
5 

A 


1299 
1298 


7758.2 
7764.4 


6.2 
6.2 


334.16 
334.94 


0.78 
0.79 


0.12642 
0.12666 


3.749 
3.754 


1297 


7770.6 


6-3 

6.2 


335.73 


0.12690 


3.759 


1296 


7776.9 


336.52 


0.79 
0.79 


O.I2714 


24 
24 


3.763 


4 

5 


1295 
1294 

1293 

1292 


7783.1 

7789.3 

7795.5 
7801.8 


6.2 
6.2 

6.3 

6 2 


337.31 
338.10 

338.90 
339.70 


0.79 
0.80 

0.80 

80 


0.12738 
0.12762 
0.12786 
O.I281O 


24 
24 
24 
24 
24 


3.768 

3.773 
3.778 
3.782 


5 
5 

4 
S 
5 


I29I 


7808.0 


6.3 


340.50 


0.80 


0.12834 


3.787 
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1290 
1289 

1288 


1287 
1286 


1285 

1284 

1283 

1282 


I28I 


1280 


1279 

1278 


1277 

1276 


1275 


1274 


1273 


1272 


I27I 


1270 
1269 

1268 


1267 
1266 


1265 

1264 

1263 

1262 


I26I 


1260 


1259 
1258 


1257 

1256 


1255 


1254 


1253 


1252 


1^51 




7814.3 

7820.6 
7826.9 

7833.2 
7839-5 

7845.8 

7852.2 

7858.5 

7864.9 

7871.2 

7877.6 
7884.0 
7890.4 
7896.8 
7903.2 

7909.6 
79I6.I 

7922.5 

7929.0 
7935-4 

7941.9 

7948.4 

7954.9 
7961.4 

7967.9 

7974.4 
7981.0 

7987.5 
7994.1 
8000.6 

8007.2 
8013.8 
8020.4 
8027.0 

8033.7 

8040.3 
8046.9 
8053.6 
8060.2 
8066.9 



6^3 
6.3 
63 
6.3 
6.3 

6.4 

6.3 

6.4 

6.3 
6.4 

6.4 
6.4 
6.4 
6.4 
6.4 

6.5 
6.4 

6.5 
6.4 
6.5 

6.5 
6.5 
6.5 
6.5 
6.5 

6.6 

6.5 
6.6 

6.5 
6.6 

6.6 
6.6 
6.6 

6.7 
6.6 

6.6 

6.7 
6.6 
6.7 
6.7 



A, 



341.30 
342.11 

342.92 

343.73 

344.55 

345.37 

346.19 
34702 

347.85 
348.68 

349.52 

35o.3<^ 
351-20 

352.04 
352.89 

353-74 
354.59 
355.45 
356.31 

357.17 

358.03 

358.90 

359-77 
360.64 

361.51 

362.39 

36327 
364.16 

365.05 
365.94 

366.84 

367.74 
368.64 

369-54 
370.45 

371.36 
372.27 

373.19 
374.11 
375.03 



Biff. 



0.81 
0.81 
0.81 
0.82 
0.82 

0.82 
0.83 
0.83 
0.83 
0.84 

0.84 
0.84 
0.84 
0.85 
0.85 

0.85 
0.86 
0.86 
0.86 
0.86' 

0.87 
0.87 
0.87 
0.87 
0.88 

0.88 
0.89 
0.89 
0.89 
0.90 

0.90 
0.90 
0.90 
0.91 
0.91 

0.91 
0.92 
0.92 
0.92 

0.93 



0.12858 
0.12882 
0.12906 
o. 1 2930 
0.12955 

0.12980 
0.13005 
0.13030 

0.13055 
0.13080 

0.13105 
0.13130 

0.13^55 
0.13 1 80 

0.13205 

0.13230 

0.13255 
0.13281 

0.13307 
0.13333 

0.13359 

0.13385 
0.13411 

0.13437 
0.13463 

0.13489 

0.135^5 
0.13541 
0.13568 

0.13595 

0.13622 

0.13649 
0.13676 

0.13703 
0.13730 

0.13757 
0.13784 

0.13811 

0.13838 
0.13866 



Diff. 



24 
24 
24 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 

25 

25 
26 

26 

26 

26 

26 
26 
26 
26 
26 

26 
26 

27 

27 
27 

27 
27 
27 
27 
27 

27 

27 

27 
28 

28 



3.792 

3.797 
3.802 

3.807 

3.812 

3.817 
3.821 

3.826 

3-831 
3.836 

3.841 
3.846 

3.851 
3.856 
3.861 

3.866 

3.871 
3.876 

3.881 

3.886 

3.891 
3.896 
3.901 

3.906 
3.912 

39^7 
3.922 

3.927 
3.933 
3.938 

3.943 
3948 

3-954 
3.959 
3.964 

3.970 

3.975 
3.980 

3.985 
3.991 



5 

5 
5 
5 
5 

4 
5 
5 
5 
5 

5 
5 
5 
5 

5 

5 
5 
5 
5 
5 

5 

5 

5 
6 

5 

5 

5 
6 

5 
5 



5 
6 

5 

5 
6 



5 

5 

5 
6 

5 
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243 


8IZ0.7 


6^8 


382.55 


0.96 
0.96 
0.96 


0.14088 


28 


4.034 


242 


8127.5 


6 7 


383.51 


O.I41I6 


28 


4.039 


241 


8134.2 


6:1 


384-47 


0.14144 


28 


4.045 


240 


8141.0 


68 


385-43 


0,97 
0.97 

1% 

0,98 


O.I4I72 


28 


4.050 


239 


8147.8 


6.8 
6.8 
6.9 

6.8 


386.40 


0. 1 4200 


29 
29 
29 
29 


4.056 


238 


8.54-6 


387-37 


0.14229 


4.061 


237 


8161.4 


388.34 


0.14258 


4.067 


236 


8168.3 


389-32 


0.14287 


4.072 


235 


8175.1 


6.9 
6.8 
6.9 

6.9 


390.30 


0.98 
0,98 
0,99 
0,99 
0,99 


o.i43'6 


29 
39 
29 
29 
29 


4.078 


234 

233 
232 
231 


8182.0 
8188.8 
8195-7 
8202.6 


391-^8 
392.26 

393-25 
394-24 


0,14345 
o.'4374 
0.14403 
0.14432 


4.083 
4.089 
4.095 
4.100 


230 


3209-5 


6.9 


395.23 


1. 00 


0.1 446 1 


30 

30 
30 
30 
30 


4.106 


129 


82,6.4 


396-23 




0.1449 1 


4.112 


228 


8223-4 




397-23 


1,01 


0.14521 


4,1.8 


2 27 


8230.4 


70 


398.24 




0.1455 1 


4.123 


226 


8237.4 


7.0 


399-25 


1x2 


0.14581 


4.129 


225 

224 


8244.4 
8251.4 


7.0 
7.0 


400.27 
401.30 


1.03 

1.04 
1. 04 
1-05 
1-05 


0.14611 
0.14641 


30 
30 
30 
30 
31 


4- '35 
4.140 


223 


8258.4 


402.34 


0,14671 


4.146 


222 


8265.5 


7-1 


403-38 


0.14701 


4.152 


221 


8272.6 


7-1 


404.43 


0. 14731 


4.157 


220 


8279.7 




405.48 


1.06 


0,14762 


3> 
31 
31 
31 
3' 


4.163 


219 


8286.8 


^ ' 


406.54 


1.06 


0.14793 


4-169 


218 


8294.0 


7.2 


407.60 




0,14824 


4.175 


217 


8301,2 


7.2 


408.67 


1.07 
1.08 


0.14855 


4.181 


216 


8308.4 


7.2 


409-74 


0.14886 


4.187 


215 

214 


8315.6 
8322.9 


7-3 


410.82 
411.90 


1.08 


0.14917 
0.14949 


32 


4.193 
4.199 


213 


8330.2 


7-3 


412,99 


1.09 


0.14981 


32 


4.205 




8337-5 


7-3 


414-08 


1,09 


0.15013 


32 


4,211 


211 


8344.7 


7,2 
7-3 


415.18 


\'.Z 


0.15045 


32 
32 


4.217 



42 
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S, 



2IO 
209 

208 
207 
206 



205 
204 
203 
202 
201 

200 
199 
198 

196 

194 

193 
192 

191 

190 
189 
188 

187 
186 

184 

182 
181 

180 
179 
178 

176 

175 
174 

173 

172 

171 



8352.0 

8359-4 
8366.8 

8374.2 
8381.7 

8389.2 
8396.7 
8404.2 
841 1.8 

84193 

8426.9 

8434-5 
8442.1 

8449,7 
8457-4 

8465.2 

8473.0 
8480.8 

8488.6 

8496.4 

8504.3 
8512.2 

8520.1 

8528.0 

8536.0 

8544-0 
8552.0 
8560.0 
8568.1 
8576.2 

8584-3 
8592.4 

8600.6 

8608.8 

8617.1 

8625.4 

8633.7 
8642.0 

8650.3 

8658.7 



I>tff. 



7.4 
7.4 

7.4 
7.5 
7.5 

7.5 

7.5 
7.6 

7.5 
7-6 

7.6 
7.6 
7.6 

7.7 
7.8 

7.8 
7.8 
7.8 

7.8 
7.9 

7.9 

7.9 

7-9 
8.0 

8.0 

8.0 
8.0 
8.1 
8.1 
8.1 

8.1 
8.2 
8.2 

^3 
8.3 

8.3 

8.3 
8.4 
8.4 



416.28 

417-39 
418.51 

419.64 

420.77 

421.91 

423-05 
424.20 

425.36 
426.52 

427.69 
428.87 
430.05 
431-24 
432.44 

433-64 
434.85 
436.07 

437-29 
438.52 

439-75 
440.99 

442.24 
443-50 
444.77 

446.05 

447.33 
448.62 

449.91 

451.21 

452.51 
453.82 

455-14 
456.47 
457-81 

459-15 
460.50 

461.86 

463.22 

464.59 



1. 11 

1. 12 

I-I3 

1. 13 

1. 14 

1. 14 

1.15 
1. 16 

1. 16 

1.17 

1. 18 

1. 18 

1. 19 
1.20 
1.20 

1. 21 
1.22 
1.22 
1.23 
1-23 

1.24 
1-25 
1.26 
1.27 
1.28 

1.28 
1.29 
1.29 

1-30 
1.30 

1.31 
1.32 

1.33 
1-34 

1-34 

1-35 
1.36 

1.36 

1-37 
^3^ 



/. 



0.15077 
0.15110 

0.15143 
0.15176 

0.15209 

0.15242 

0.15275 
0.15308 

0.15341 
0.15375 

0.15409 

0.15443 

0.15477 
0.15512 

0.15547 

0.15582 
0.15617 
0.15652 
0.15687 
0.15722 

0.15758 

0.15794 
0.15830 

0.15866 

0.15902 

0.15939 
0.15976 

0.16013 

0.16050 

0.16087 

0.16124 
0.16162 
0.16200 
0.16238 
0.16276 

0.16314 
0.16352 
0.16391 
0.16430 
0.16470 



Biff. 



33 
33 
33 
33 
33 

33 
33 
33 
34 
34 

34 
34 
35 
35 
35 

35 
35 
35 
35 
36 

3^ 
36 
36 
3^ 
37 

37 
37 
37 
37 
37 

38 
38 
38 
38 
38 

38 
39 
39 
40 

40 



T, 



4.223 
4.229 

4.235 
4.241 

4.248 

4.254 
4.260 

4.266 

4.273 
4.279 

4.285 
4.291 
4.298 

4.304 
4.3" 

4.317 
4.323 
4-330 
4.336 
4.342 

4-349 
4.356 
4.362 
4.368 

4.375 

4-382 

4-389 
4.396 

4403 
4.410 

4.417 
4.424 

4.431 
4-438 

4.445 

4.452 

4.459 
4.466 

4.473 
4.480 



Btyr. 



6 
6 
6 

7 
6 

6 
6 

7 
6 

6 



7 
6 

7 
6 



6 

7 
6 

6 
7 

7 
6 

6 

7 

7 

7 
7 
7 
7 

7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
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8, 



170 
169 
168 
167 
166 

165 
164 

162 
161 

160 
159 

157 
156 

155 
154 
153 
152 

150 
149 

148 

147 
146 

145 
144 

143 
142 

141 

140 

139 
138 

137 
136 

135 

134 

133 
132 

131 



8667.1 

8675.5 
8684.0 

8692.5 

8701.0 

8709.6 
8718.2 
8726.8 

8735-4 
8744.0 

8752.7 
8761.5 
8770.3 
8779.1 

8787.9 

8796.7 
8805.6 
8814.5 
8823.5 
8832.5 

8841.5 
8850.5 
8859.6 
8868.7 
8877.8 

8887.0 
8896.2 
8905.4 
8914.7 
8924.0 

8933-3 
8942.7 

8952.1 

8961.5 

8970.9 

8980.4 
8989.9 

89995 
9009.1 

9018.7 



Dtff. 



8.4 

8.5 

8.5 

8.5 
8.6 

8.6 
8.6 
8.6 
8.6 
8.7 

8.8 
8.8 
8.8 
8.8 
S.S 

8.9 
8.9 
9.0 
9.0 
9.0 

9.0 
9.1 

9-1 
9.1 

9.2 

9.2 
9-2 
9.3 
9.3 
9-3 

9-4 
9-4 
9-4 
9-4 
9-5 

9-5 
9.6 

9.6 

9.6 

9.6 



A, 



465.97 
467.36 

468.77 
470.18 

471.60 

473.03 
474.47 
475.92 
977.38 
478.85 

480.34 
481.84 

483.34 
484.85 

486.36 

487.88 
489.40 

490.93 
492.46 

493.99 

495.53 

497.09 
498.66 

500.24 

501.83 

503.43 

505.05 
506.69 

508.34 
510.00 

511.67 

513.34 
515.02 
516.71 
518.41 

520.12 

521.83 

523.56 
525.30 
527.05 



Dtff. 



1.39 
1.41 

1.41 

1.42 

1.43 

1.44 

1.45 
1.46 

1-47 
1.49 

1.50 
1.50 
1-51 
1.5 1 
1.52 

1.52 
1.53 
1.53 
1.53 
1-54 

1.56 

1.57 
1.58 

1.59 
1.60 

1.62 
1.64 
1.65 
1.66 
1.67 

1.67 
1.68 
1.69 
1.70 
1.71 

1.71 

1.73 
1.74 

1.75 
1.76 



/. 



0.16510 
0.16550 
0.16590 
0.16630 
0.16670 

0.16711 
0.16752 
0.16793 
0.16834 
0.16875 

0.16916 
0.16958 
0.17000 
0.17042 
0.17085 

0.17128 
0.1 7 17 1 
0.17214 

0.17257 
0.17300 

0.17344 
0.17388 

0.17432 

0.17476 

0.17521 

0.17506 
0.17611 
0.17656 
0.17702 
0.17748 

0.17794 
0.17841 
0.17888 

0.17935 
0.17982 

0.18029 
0.18077 
0.18125 
0.18173 
0.18221 



Diff. 



40 
40 
40 
40 
41 

41 
41 
41 
41 
41 

42 
42 
42 
43 
43 

43 

43 
43 
43 
44 

44 
44 
44 
45 
45 

45 

45 
46 
46 
46 

47 
47 
47 
47 
47 

48 
48 
48 
48 

48 



4.487 

4.494 
4.502 

4.509 
4.516 

4.524 
4.531 
4.539 
4.546 

4.554 

4.561 
4.568 

4.576 

4.584 

4.591 

4.599 
4.607 

4.614 

4.622 

4.630 

4.638 
4.646 

4.654 
4.662 

4.670 

4.678 
4.686 

4.694 
4.702 

4.710 

4.718 
4.726 

4.734 
4.743 
4.751 

4.760 
4.768 

4.777 
4.785 
4.794 



Biff, 



7 
8 



7 

7 
8 



7 
8 

7 
8 



7 
8 

8 

7 
8 

8 

7 
8 

8 

8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 

9 
8 



8 

9 
8 

9 
8 



u 
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1130 
1129 
1128 
1127 
1126 

1125 
1124 
1 1 23 
1 122 
1121 

1120 
1119 
1118 
1117 
1116 

iiiS 
1114 
1113 
1112 
mi 

mo 
1 109 
1 108 
1107 
1 106 

1 105 
1 104 
1 103 
1102 

IIOI 

1 100 
1099 
1098 
1097 
1096 

1095 
1094 

1093 

1092 

1091 



8, 



9028.3 
9038.0 
9047.8 

9057.5 
9067.3 

9077.2 
9087.1 
9097.0 
9106.9 
9116.9 

9126.9 

9137.0 
9147. 1 

9157.2 

9167.3 

9177.5 
9187.7 

9198.0 

9208.3 

9218.7 

9229.1 

9239.5 

9249.9 
9260.4 

9270.9 

9281.5 
9292.1 
9302.7 

9313.4 
9324.1 

9334.9 
9345.7 
9356.6 

9367.5 
93?M 

9389.3 
9400.3 

941 1.3 
9422.4 

9433.5 



Dif. 



9.7 
9.8 

9.7 
9.8 

9.9 

9.9 
9.9 
9.9 

lO.O 
lO.O 

10. 1 

lO.I 

10. 1 

lO.I 

10.2 
10.2 

10.3 
10.3 

10.4 
10.4 

10.4 
10.4 

10.5 
1 0.5 

10.6 

10.6 
10.6 
10.7 
10.7 

10.8 
10.8 

10.9 

10,9 

10,9 
10,9 

II. o 
II.O 

II. I 
II. I 

II. 2 



A, 



528.81 

530.58 
532.36 
534.15 
535.95 

537.77 

539.60 

541.45 

543.31 
545.18 

547.06 

548.95 
550.85 
552.76 
554.68 

556.62 

558.57 
560.53 

562.50 

564.49 
566.50 

568.51 

570.53 
572.56 
574.61 

576.67 
578.75 

580.84 

582.95 
585.08 

587.23 
589.39 
591.56 

59374 
595*93 

598.14 
600.36 

602.59 

604.83 

607.08 



Biff. 



1.77 
1.78 

1.79 
1.80 

1.82 

1.83 

1.85 
1.86 
1.87 
1.88 

1.89 
1.90 
1.9 1 
1.92 
1.94 

1.95 
1.96 

1.97 

1.99 

2.01 

2.01 
2.02 
2.03 
2.05 
2.06 

2.08 
2.09 
2. II 

2.13 

2.15 

2.16 
2.17 
2.18 
2.19 
2.21 

2.22 
2.23 
2.24 
2.25 
2.27 



I. 



0.18269 
0.18318 
0.18367 
0.18416 
0.18466 

0.18516 
0.18566 
0.18617 
O/18668 
0.18719 

0.18770 
0.18822 
0.18874 
0.18926 
0.18978 

0.1 903 1 
0.19084 
0.19137 
0.19190 
0.19244 

0.19298 
0.19352 
0.19407 
0.19462 
0.19517 

0.19573 
0.19629 

0.19685 

0.19742 

0.19799 

0.19856 
0.19914 
0.19972 
0.20030 
0.20088 

0.20147 
0.20206 
0.20265 
0.20325 
0.20385 



Biff. 



49 
49 
49 
50 
50 

50 
51 
51 
51 
51 

52 
52 
52 
52 
53 

53 
53 
53 
54 
54 

54 
55 
55 
55 
56 

56 
56 

57 
57 
57 

53 
58 
58 
58 
59 

59 

59 
60 

60 

60 



4.802 
4.81 1 
4.820 
4.828 

4.837 

4.846 

4.854 
4.863 
4.871 
4.880 

4.889 
4.898 

4.907 
4.916 

4.926 

4.935 

4.944 

4.953 

4.963 
4.972 

4981 

4.991 

5.000 

5.010 
5.019 

5.029 
5.038 
5.048 

5.057 
5.067 

5.077 
5.087 
5.097 
5.107 

5.117 

5.127 

5.137 
5.147 
5.157 
5.167 



Btff. 



9 

9 
8 

9 
9 

8 

9 

8 

9 
9 

9 
9 

9 

10 

9 

9 

9 
10 

9 
9 

10 

9 
10 

9 

10 

9 
10 

9 
10 

10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
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TABLE I— Continued. 



8, 



090 
089 
088 
:o87 
086 

085 
:o84 
083 
082 
081 

080 
079 
078 

077 
076 

075 
074 

073 

072 

071 

070 
069 
:o68 
067 
066 

065 
064 
063 
062 
061 

060 

059 
[058 

fo57 
056. 

OSS 

053 
052 

051 



Biff. 



A, 



9444.7 

9455-9 
9467.1 

9478.4 

9489.7 

9501. 1 

9512.5 
9524.0 

9535.5 
9547.0 

9558.6 
9570.2 

958T.9 

9593.6 
9605.3 

9617. 1 
9628.9 
9640.8 , 
9652.8 
9664.8 

9676.8 
9688.8 
9700.9 

9713.1 
9725.3 

9737-5 
9749.8 

9762.1 

9774.5 
9786.0 

9798.S 
9811.1 

9823.7 

9836.4 

9849.2 

9862.0 
6874.9 
9887.8 
9900.8 
9913.8 



II. 2 
II. 2 

II-3 

11-3 
11.4 

II. 4 

11.5 

".5 

"•5 
11.6 

II. 6 
11.7 
11.7 
11.7 
11.8 

11. 8 

11. 9 
12.0 
12.0 
12.0 

12.0 
12. 1 
12.2 
12.2 
12.2 

12.3 
12.3 

12.4 

12.5 
12.5 

12.6 
12.6 
12.7 
12.8 
12.8 

12.9 
12.9 
13.0 
13-0 
13.0 



609.35 
611.64 

613-95 
616.28 

618.63 

620.99 
623.36 

625.74 
628.14 

630.55 

632.98 

635.43 
637.90 
6,40.38 

642.88 

645.40 

647.94 

650.50 

653.07 
655-66 

658.27 
660.90 

663.54 
666.20 

668.88 

671.58 

674.30 
677.04 

679.79 

682.56 

685.35 
688. r6 

690.99 

693.84 

696.71 

699.60 
702.51 

705.44 
708.40 

711.38 



Dtff. 



2.29 
2.31 

2.33 

2.35 
2.36 

2.37 
2.38 
2.40 
2.41 

2.43 

2.45 
2.47 

2.48 

2.50 

2.52 

2.54 
2.56 

2.57 

2.59 
2.61 

2.63 
2.64 
2.66 
2.68 
2.70 

2.72 
2.74 

2.75 

2.77 
2.79 

2.81 
2.83 
2.85 
2.87 
2.89 

2.91 

2.93 
2.96 

2.98 

3.00 



0.20445 
0.20506 
0.20567 
0.20628 
0.20690 

0.20752 
0.20814 
0.20877 
0.20940 
0.21003 

0.21067 
0.21131 
0.21196 
0.21261 
0.21326 

0.21392 
0.21458 
0.21524 
0.21591 
0.21658 

0.21725 
0.21793 
0.21861 
0.21930 
0.21999 

0.22068 
0.22138 
0.22208 
0.22279 
0.22350 

0.22421 
0.22493 
0.22565 
0.22637 
0.22710 

0.22783 
0.22857 
0.22931 
0.23006 
0.23081 



Biff. 



61 
61 
61 
62 
62 

62 

63 
63 
63 
64 

64 

65 

65 

65 
66 

66 
66 

67 
67 
67 

68 
68 

69 
69 
69 

70 
70 
71 
71 
71 

72 
72 

72 

72 

73 

74 
74 
75 
75 
76 



r. 



5.177 
5.187 
5.197 
5.207 
5.217 

5.227 
5.238 

5-249 
5.260 

5.271 

5.282 

5.293 
5.304 

5.315 
5.326 

5.337 
5.348 

5.359 
5.370 

5.381 

5.392 
5.403 
5.414 
5.425 
5-436 

5.447 
5.459 
5.471 
5.483 
5.495 

5.507 
5.519 
5.531 

5543 
5.555 

S.568 

5.580 

5592 
5.604 

5.616 



Biff. 



10 
10 
10 
10 
10 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

12 

12 
12 
12 
12 

12 
12 
12 
12 

13 

12 
12 
12 
12 
12 



1 
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1050 
1049 
1048 
1047 
1046 

1045 
1044 

1043 
1042 

1041 

1040 
1039 
1038 

1037 
1036 

1035 
1034 

1033 
1032 

1031 

1030 
1029 
1028 
1027 
1026 

1025 
1024 
1023 
1022 
1021 

1020 
1019 
1018 
1017 
1016 

1015 
1014 
1013 
1012 

lOII 



8, 



9926.8 

9939-8 

9952.9 
9966.0 

9979.1 

9992.4 
0005.7 
0019.0 
0032.3 

0045.7 

0059.2 
0072.7 
0086.3 
0099.9 
01 13.6 

0127.3 
0141.1 

0154.9 
0168.7 

0182.6 

0196.7 
0210.8 
0224.9 
0239.0 
0253.2 

0267.5 
0281.8 
0296.2 
0310.7 
0325.2 

0339.7 

0354.3 
0369.0 

0383.7 
0398.5 

0413.3 
0428.2 

0443.2 

0458.2 

04733 



Diff, 


13.0 


13.1 


13.1 


13.1 


n-^ 


nz 


13.3 


nz 


13-4 


13.5 


135 


13.6 


13.6 


13-7 


13.7 


13.8 


13.8 


13-8 


13-9 


14. 1 


14. 1 


14.1 


14.1 


14.2 


14.3 


14.3 


14.4 


14.5 


14.5 


14.5 


14.6 


14.7 


14.7 


14.8 


14.8 


14.9 


15.0 


15.0 


151 


15.1 



A. 



714.38 

717.40 
720.44 

723.50 
726.58 

729.69 
732.82 

735.97 
739.H 
742.33 

745.54 
748.78 
752.05 

755.34 
758.66 

762.01 

765.38 
768.78 

772.20 
775.65 

779.13 
782.63 

786.15 

789.69 

793.25 

796.83 
800.43 

804.06 

807.71 

811.38 

815.07 
818.79 

822.55 

826.34 

830.16 

834.02 
837.92 
841.85 
845.82 

^49.83 



Diff. 



3.02 

3.04 
3.06 

3.08 
3." 

3.13 

3.15 

3.17 

3.19 
3.21 

3.24 
3.27 
3.29 
3.32 

3-35 

3-37 
3.40 
3.42 

3-45 
3.48 

3-50 
3.52 
3-54 
3.56 
3.58 

3.60 

3.63 
3.65 
367 
3-69 

3.72 
3.76 

3.79 

3.82 

ZM 

3.90 
3-93 

3-97 
4.01 

4.05 



/• 



0.23157 
0.23233 
0.23309 
0.23386 
0.23463 

0.23541 
0.23619 
0.23698 

0.23777 
0.23857 

0.23937 
0.24018 

0.24099 

0.24180 

0.24262 

0.24344 
0.24427 

0.24510 

0.24594 

0.24678 

0.24763 
0.24848 
0.24934 
0.25020 
0.25107 

0.25194 
0.25282 
0.25370 

0.25459 
0.25548 

0.25638 
0.25728 
0.25819 
0.25911 
0.26003 

0.26096 
0.26189 
0.26283 
0.26377 
0.26472 



Diff. 



76 
76 

77 
77 
78 

78 
79 

79 

80 

80 

81 

81 
81 
82 
82 

83 
83 
84 
84 
85 

85 
86 

86 

87 
87 

88 

88 

89 
89 
90 

90 

91 
92 
92 
93 

93 
94 
94 
95 
95 



5.628 
5.640 

5.652 
5.664 

5.677 

5.690 

5.703 
5.716 

5.729 

5-742 

5-755 
5.768 

5.781 
5-794 
5.807 

5.820 

5.833 
5.846 

5859 
5.873 

5-887 
5-901 
5-915 
S-929 
5.943 

5.957 

5-971 

5-985 

5-999 
6.013 

6.027 
6.041 

6.055 
6.069 

6.083 

6.098 
6.113 
6.128 

6.143 
6.158 



Diff. 



2 
2 

2 

3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
4 
4 

4 
4 
4 
4 

4 

4 

4 
4 
4 
4 

4 
4 
4 
A 

5 

S 
5 
S 
5 
5 
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TABLE I— Continued. 



8, 



lOIO 

1009 
1008 
1007 
1006 



1005 
1004 
1003 
1002 

lOOI 

1000 

999 
998 

997 
996 

995 
994 

993 
992 

991 

990 
989 
988 
987 
986 

985 
984 

983 
982 

981 

980 

979 
978 

977 
976 

975 
974 

973 
972 

971 



10488.4 
10503.6 
105 18.9 

10534.2 
10549.6 

10565.0 
10580.5 
10596.1 
10611.7 
10627.4 

10643. 1 
10658.9 
10674.8 
10690.8 
10706.8 

10722.9 
10739.0 

10755-2 
10771.4 

10787.7 

10804. 1 
10820.6 
10837.2 
10853.8 
10870.4 

10887. 1 
10903.9 
10920.8 
10937.7 
10954.7 

1097 1.8 
10989.0 

1 1006.2 
1 1023.5 
1 1040.8 

11058.3 
11075.8 
1 1093.4 

IIIII.O 

11128.7 



Diff. 



J^5.2 
15.3 
15.3 
154 
15-4 

15-5 
15.6 

15.6 

15.7 

15.7 

15.8 

159 
16.0 

16.0 

16.1 

16.1 
16.2 
16.2 
16.3 
16.4 

16.5 
16.6 
16.6 
16.6 
16.7 

16.8 
16.9 
16.9 
17.0 
17.1 

17.2 
17.2 

173 
173 
17.5 

'75 
17.6 

17.6 

17.7 
17.8 



A, 



853.88 

857.95 
862.04 

866.15 

870.29 

874.46 
878.66 
882.89 
887.15 

89^.43 

895-74 
900.09 

904.47 

908.89 

913.35 

917.85 
922.39 

926.97 

931.59 
936.25 

940.95 
945.68 

950.44 

95523 
960.06 

964.93 
969.83 

974.77 
979.75 
984.77 

989.83 

994.93 
1000.07 

1005.25 

1010.48 

1015.75 
1021.07 

1026.43 

1031.83 

1037.27 



I>iff. 



4.07 
4.09 
4. 1 1 
4.14 

4.17 

4.20 

4.23 
4.26 
4.28 

4.31 

4.35 
4.38 
4.42 

4.46 
4.50 

• 

4.54 
4.58 
4.62 
4.66 

4.70 

4.73 
4.76 

4.79 
4.83 
4.87 

4.90 
4.94 

4.98 
5.02 

5.06 

5.10 

5.14 
5.18 

5.23 
5.27 

5.32 
5.36 
5.40 

5.44 
5.48 



I^ 



Diff. 



0.26567 
0.26663 
0.26759 
0.26856 
0.26954 

0.27052 
0.27151 
0.27251 
0.27351 
0.27452 

0.27553 
0.27655 

0.27757 

0.27860 

0.27963 

0.28067 
0.28172 
0.28278 
0.28384 
0.28491 

0.28598 
0.28706 
0.28814 
0.28924 
0.29034 

0.29145 
0.29256 
0.29368 
0.29481 

0.29595 

0.29710 
0.29825 
0.29941 
0.30057 
0.30174 

0.30292 
0.3041 1 
0.30530 
0.30650 
0.30771 



96 
96 

97 
98 
98 

99 

00 

00 
01 
01 

02 
02 

03 

03 
04 

05 
06 

:o6 

07 

07 

08 
08 
10 
10 
II 

II 
12 

13 
14 
15 

15 
16 

16 

17 
18 

19 

19 

20 

21 
21 



6.173 
6.188 

6.203 

6.218 

6.233 

6.248 
6.263 
6.279 
6.295 
6.3 1 1 

6.327 

6.343 

6.359 

6.375 
6.391 

6.407 

6.423 

6.439 

6.455 
6.472 

6.489 
6.506 

6.523 
6.540 

6.557 

6.574 

6.591 
6.608 

6.625 

6.642 

6.659 
6.677 

6.695 
6.713 
6.731 

6.749 
6.767 

6.785 
6.803 

6.821 



Diff. 



5 
5 
5 
5 
5 

S 
6 

6 

6 

6 

6 
6 
6 
6 
6 

6 
6 
6 



8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
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970 
969 
968 
967 
966 

965 
964 

963 
962 

961 

960 

959 
958 
957 
956 

955 
954 
953 
952 
951 

950 

949 
948 

947 
946 

945 
944 

943 
942 

941 

940 

939 
938 
937 
936 

935 
934 
933 
932 

931 



5. 

146.5 
164.4 

182.4 

200.4 

218.4 

236.5 

254.6 

272.8 
291.0 

309.3 

327.5 
345.8 
364.1 
382.5 
400.9 

419.3 
437.8 

456.4 

475.0 
493.6 

511.2 

529.9 
548.6 

567.4 
586.2 

605.0 
623.9 
642.8 
661.8 
680.8 

700.9 
720.0 

739-1 
758.3 
777.5 

796.7 
816.0 

835.3 

854.7 
874.1 



Diff. 



7.9 

8.0 

8.0 
8.0 
8.1 

8.1 

8.2 
8.2 
8.2 

8.3 

8.3 
8.3 
8.4 
8.4 
8.4 

8.5 
8.6 

8.6 

8.6 

8.6 

8.7 
8.7 

^.^ 
2>S 

8.9 
8.9 
9.0 
9.0 
9.1 

9.1 
9.1 
9.2 
9.2 

9.2 

9.3 

9.3 
9.4 

9.4 
9.4 



042.75 
048.27 

053.83 

059.43 
065.07 

070.75 

076.47 
082.23 

088.03 

093.88 

099.77 
105.68 

111.63 

117.60 

123.61 

129.66 

135.75 
141.87 

148.02 

154.20 

160.42 
166.68 
172.97 

179.30 
185.67 

192.08 

198.53 
205.02 

211.55 
218.12 

224.73 
231.38 
238.08 

244.82 
251.60 

258.42 
265.29 
272.20 
279.15 
286.14 



Diff, 



5.52 

5.56 

5.60 

5.64 
5.68 

5.72 
576 
5.80 

5.85 
5.89 

5.91 

5.95 

5.97 
6.01 

6.05 

6.09 
6.12 

6.15 
6.18 
6.22 

6.26 
6.29 

^':^:^ 

6.37 
6.41 

6.45 

6.49 

6.53 

6.57 
6.61 

6.65 
6.70 

6.74 
6.78 

6.82 

6.87 
6.91 

6.95 
6.99 
7.03 



/• 



0.30892 
0.31014 

0.31137 
0.31261 

0.31385 

0.31510 
0.31635 
0.31761 
0.31887 
0.32014 

0.32142 
0.32270 
0.32498 
0.32527 
0.32656 

0.32786 
0.32916 

0.33047 

0.33179 
9.33312 

0.33445 

0.33579 

0.33713 

0.33847 
0.33982 

0.341 1 7 

0.34253 
0.34390 

0.34527 
0.34665 

0.34804 

0.34943 
0.35083 

0.35223 
0.35364 

0.35505 
0.35647 
0.35790 

0.35933 
0.36077 



Diff. 



22 

23 
24 
24 
25 

25 
26 

26 

27 

28 

28 
28 

29 
29 
30 

30 

31 
32 
33 
33 

34 
34 
34 
35 
35 

36 
37 
37 
?^^ 
39 

39 
40 
40 
41 
41 

42 

43 
43 
44 
45 



6.839 

6.857 

6.875 

6.893 
6.912 

6.931 
6.950 
6.969 
6.988 
7.007 

7.026 

7.045 
7.064 

7.083 
7.102 

7. 121 
7.140 
7.160 
7.180 
7.200 

7.220 

7.239 

7.259 

7.279 
7.299 

7.319 
7.339 
7.359 
7.379 
7.399 

7.419 

7.439 
7.459 
7.479 
7.499 

7.520 

7.541 
7.562 

7.583 
7.604 



Diff. 



18 
18 
18 
19 

19 

^9 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 

20 

20 
20 
20 

19 
20 

20 

20 

20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
21 

21 
21 
21 
21 
21 
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S, 



930 
929 

928 

927 

926 

925 

924 

923 
922 

921 

920 
919 
918 
917 
916 

915 
914 

913 
912 

911 

910 

909 
908 
907 
906 

905 
904 

903 
902 

901 

900 
899 
898 
897 
896 

895 
894 

893 

892 

891 



1893.5 
1913.0 

1932.6 

1952.2 

1971.9 

1991.6 
2011.3 
2031.0 
2056.8 
2070.6 



2090.5 
2110.5 

2130-5 

2150.5 
2170.5 

2190.6 
2210.7 
2230.9 
2251. 1 
2271.4 

2291.8 
2312.2 
2332.6 

2353.0 
2373.5 

2394.0 
2414.6 

2435.3 
2456.0 

2476.7 

2497.5 
2518.3 

2539.2 
2560.1 

2581. 1 

2602.1. 

2623.2 

2644.3 

2665.4 

26S6.6 

QpQ i 



Diff. 



19.5 
19.6 

19.6 

19.7 

19.7 

19.7 
19.7 
19.8 
19.8 
19.9 

20.0 
20.0 
20.0 
20.0 
20.1 

20.1 
20.2 
20.2 
20.3 
20.4 

20.4 
20.4 
20.4 
20.5 
20.5 

20.6 
20.7 
20.7 
20.7 
20.8 

20.8 
20.9 
20.9 
21.0 
21.0 

21. 1 
21. 1 
21. 1 

2I;2 
21.3 



A, 



1293.17 

1300.26 

1307.39 

1314.57 
1321.78 

1329.04 

1336.34 
1343-68 
1351.06 

1358.48 

1365.95 
1373.47 

1381.04 

1388.66 
1396.33 

1404.05 

I4II.82 
1419.64 

1427.51 
1435.42 

1443.38 
1451.39 

1459.45 
1467.56 

1475.73 
1483.95 

1492.22 

^500.54 

1508.91 

1517.32 

1525.78 
1534.30 
1542.88 

I55I.5I 

1560.20 

1568.95 
1577.76 

1586.62 

1595.54 

1604.50 



Diff. 



7.09 

7.13 
7.18 

7.21 

7.26 

7.30 
7.34 
7.38 
7.42 

7.47 

7.52 

7.57 
7.62 

7.67 
7.72 

7.77 
7.82 

7.87 

7.91 

7.96 

8.01 
8.06 
8.11 
8.17 
8.22 

8.27 
8.32 

8.37 
8.41 

8.46 

8.52 
8.58 
8.63 
8.69 

8.75 

8.81 
8.86 
8.92 
8.96 
9.01 



/• 



0.36222 
0.36367 

0.36513 
0.36659 

0.36806 

0.36954 
0.37102 

0.37251 
0.37401 

0.37551 

0.37702 

0.37854 
0.38006 

0.38159 
0.38313 

0.38467 
0.38622 
0.38778 

0.38934 
0.39091 

0.39249 
0.39407 
0.39566 
0.39726 
0.39886 

0.40047 
0.40209 

0.40372 

0.40535 
0.40699 

0.40864 
0.41030 
0.41 196 

0.41363 
0.41531 

0.41699 
0.41868 
0.42038 
0.42209 
0.42381 



Biff. 



45 
46 
46 

47 
48 

48 

49 
50 
50 
51 

52 
52 
SZ 
54 
54 

55 
56 
56 
57 
58 

58 

59 
60 

:6o 

61 

62 
63 

64 
65 

66 
66 

67 

68 

68 

69 

70 

71 
72 

72 



7.625 
7.646 
7.667 
7.688 
7.709 

7.730 

7.751 
7.772 

7.794 
7.816 

7.838 
7.860 
7.882 

7.904 
7.926 

7.948 
7.970 
7.992 
8.014 
8.036 

8.058 
8.080 
8.102 
8.124 
8.147 

8.170 

8.193 
8.216 

8.239 
8.262 

8.285 
8.308 

8.331 
8.354 
8.377 

8.400 
8.423 
8.446 
8.470 
8.494 



Diff. 



21 
21 
21 
21 
21 

21 
21 
22 
22 
22 

22 
22 

22 
22 
22 

• 

22 
22 
22 
22 
22 

22 
22 
22 

23 
23 

23 
23 
23 
23 
23 

23 
23 
23 
23 
23 

23 
23 

24 
24 
24 
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y 


8, 


890 


12707.9 


889 


12729.2 


888 


12750-5 


887 


12771.9 


886 


127933 


885 


12814.8 


884 


12836.4 


883 


12858.0 


882 


12879.6 


881 


12901.3 


880 


12923.0 


879 


12944.8 


878 


12966.6 


877 


12988.5 


876 


13010.4 


. «75 


13032.4 


874 


13054.4 


873 


13076.5 


872 


13098.7 


871 


13120.9 


870 


13143-1 


869 


13165.4 


868 


13187.7 


867 


13210.1 


866 


13232.5 


865 


132550 


864 


13277.6 


S63 


13300.2 


862 


13322.8 


861 


13345-5 


860 


13368.3 


859 


13391.1 


858 


13413.9 


857 


13436.8 


856 


13459-8 


855 


13482.8 


854 


13505.9 


853 


13529.0 


852 


13552.2 


851 


13575.4 



Btf. 



21.3 
21.3 
21.4 
21.4 

21.5 

21.6 
21.6 
21.6 
21.7 
21.7 

21.8 
21.8 
21.9 
21.9 
22.0 

22.0 
22.1 
22.2 
22.2 
22.2 

22.3 
22.3 
22.4 
22.4 
22.5 

22.6 
22.6 
22.6 

22.7 
22.8 

22.8 
22.8 
22.9 
23.0 
23.0 

23.1 
23.1 
23.2 
23.2 

233 



613.51 
622.58 

631.71 

640.90 

650.15 

659.46 
668.83 
678.27 
687.77 

697.33 

706.95 
716.63 
726.37 

736.17 
746.04 

755-97 
765.96 

776.01 

786.12 

796.29 

806.52 
816.82 
827.19 

837.63 
848.14 

858.72 

869.37 
881.09 

891.88 

902.74 

912.66 
923.66 

934.73 

945.87 
957.08 



968.37 

979-73 
991.16 

2002.66 

2014.23 



Biff. 



9.07 

9.13 
9.19 

9.25 
9-31 

9-37 
9.44 

9-50 

9-56 
9.62 

9.68 

9-74 
9.80 

9.87 
9-93 

9-99 
0.05 

0.1 1 

0.17 

0.23 

0.30 

0.37 
0.44 

0.51 
0.58 

0.65 
0.72 
0.79 
0.86 
0.92 

1. 00 
1.07 
1. 14 
1. 21 
1.29 

1.36 

1-43 
1-50 

1-57 
1.64 



0.42553 
0.42726 

0.42900 

0.43075 
0.43251 

0.43427 
0.43604 
0.43782 
0.43961 
0.44140 

0.44320 
0.44501 
0.44683 
0.44866 
0.45050 

0.45234 
0.45419 

0.45605 

0.45792 

0.45980 

0.46169 

0.46359 
0.46550 

0.46741 
0.46933 

0.47126 
0.47320 

0.47515 
0.47711 

0.47908 

0.48105 
0.48303 
0.48502 

0.48703 
0.48905 

0.49107 
0.4931 1 

0.49515 
0.49720 

0.49926 



Diff. 



n 

74 

75 
76 

76 

77 
78 

79 

79 
80 

81 

82 

83 
84 
84 

85 
86 

87 
88 

89 

90 
91 
91 
92 

93 

94 
95 
96 
97 
97 



98 

99 
201 

202 

202 



204 
204 
205 
206 
207 



8.518 
8.542 
8.566 
8.590 
8.614 

8.638 
8.662 
8.687 
8.712 

8.737 

8.762 

8.787 
8.812 

8.837 
8.862 

8.887 
8.912 

8.937 
8.963 
8.989 

9.015 
9.041 

9.067 

9093 
9.119 

9-145 
9.171 

9.197 

9.223 

9.249 

9275 
9.302 

9-329 
9.356 

9.383 

9.410 

9-437 
9-464 
9.491 
9.518 



Biff, 



24 
24 

24 
24 
24 

24 
25 

25 
25 
25 

25 
^5 
25 
25 

25 

25 

25 
26 

26 

26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

27 

27 

27 

27 
27 

27 
27 
27 
27 
27 
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TABLE I— Continued. 



S, 



850 

849 
848 

847 
846 

845 
844 

843 
842 

841 

840 

839 
838 

837 
836 

835 
834 

832 
831 

830 
829 
828 
827 
826 

825 
824 
823 
822 
821 

820 
819 
818 

817 
816 

815 
814 

813 

812 

811 



13598.7 
13622. 1 

13645-5 
13669.0 

13692.5 

13716.1 

13739-7 

13763.4 

13787.1 
13810.9 

13834.7 
13858.6 

13882.6 

13906.6 

13930-7 

13954.9 

139791 
14003.3 

14027.6 

14052.0 

14076.4 
14100.9 
14125.5 
14150.1 

14174.7 

14199.4 
14224.2 
14249.1 
14274.0 
14298.9 

14323.9 
14349.0 

14374.2 

14399.4 
14424.7 

14450.0 

14475-4 
14500.9 

14526.4 
14552.0 



JDif. 



234 

23-4 

235 

23.5 
23.6 

23.6 

237 
23.7 
23.8 
23.8 

239 
24.0 

24.0 

24.1 

24.2 

24.2 
24.2 

24.3 
24.4 

24.4 

24.5 
24.6 

24.6 

24.6 

24.7 

24.8 

24.9 
24.9 

24.9 

25.0 

25.1 

25.2 
25.2 

25-3 
25-3 

25-4 

25-5 

25.5 
25.6 

25-7 



A 



2025.87 

2037.59 
2049.39 

2061.27 

2073.23 

2085.27 

2097.39 
2109.59 

2121.87 
2134.23 

2146.6S 
2159.21 
2171.82 
2184.51 
2197.29 

2210.15 
2223.09 
2236.11 
2249.21 
2262.39 

2275.65 
2289.01 
2302.46 
2316.01 
2329.65 

2343-38 
2357.21 

2371.13 

2385.14 
2399.24 

2413.43 
2427.71 

2442.09 

2456.57 
2471.15 

2485.83 
2500.61 

2515-49 
2530.46 

2545.53 



Biff. 



1.72 
1.80 
1.88 
1.96 
2.04 

2.12 
2.20 
2.28 
2.36 

2.45 

2.53 
2.61 

2.69 

2.78 

2.86 

2.94 
3.02 

3.10 

3.18 

3.26 

3-3^ 
3-45 
3.55 
3-64 
3.73 

3-^3 
3-92 
4.01 

4.10 
4.19 

4.28 

4.38 
4.48 

4.58 
4.68 

4.78 
4.88 

4.97 

5-07 
S-I7 



/• 



0.50133 
0.50341 

0.50551 
0.50761 

0.50972 

0.5 1 184 

0.51397 
0.51611 

0.51826 

0.52042 

0.52259 
0.52477 
0.52696 
0.52916 

0.53138 

0.53361 

0.53585 
0.53810 

0.54036 

0.54262 

0.54489 
0.54718 
0.54948 
0.55180 
0.55412 

0.55645 

0.55879 
0.56115 

0.56352 

0.56590 

0.56829 
0.57069 
0.57310 

0.57553 
0.57797 

0.58042 
0.58288 

0.58535 
0.58784 

0.59034 



Diff. 



208 
210 
210 
211 
212 

213 
214 

215 
216 

217 

218 
219 
220 
222 
223 

224 

225 
226 
226 

227 

229 
230 
232 
232 

233 

234 
236 

237 

238 

239 

240 
241 

243 
244 
245 

246 

247 

249 

250 

251 



Dtff. 



9-545 
9-572 
9.600 

9.628 
9.656 

9.684 
9.712 
9.740 
9.768 
9.796 

9.824 

9.^53 
9.882 

9.911 
9.940 

9-969 
9.998 

0.027 

0.056 

0.085 

0.114 

0.144 
0.174 

0.204 

0.234 

0.264 
0.294 

0.324 

0.354 
0.384 

0.414 

0.445 
0.476 

0.507 
0.538 

0.569 
0.600 

0.631 

0.662 

0.693 



27 
28 

28 

28 

28 

28 
28 
28 
28 
28 

29 
29 

29 

29 

29 

29 
29 

29 

29 

29 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

31 
31 
31 
31 
31 

31 
31 
31 
31 
32 



62 



BALLISTIC TA13LES. 
TABLE I— Continued. 



14577-7 


25-7 


2560.70 


15.27 
'5-38 1 


0.59285 


252 
254 
255 
256 
258 


10.725 


14603.4 

14629.2 


2575-97 
2591-35 


0-59537 
0.59791 


10.757 
10.789 


■ 4655-0 


2606.84 


'5-49 , 

.5.60 

15-71 


0.60046 


ie.82i 


14680.9 


To 


2622.44 


0.60302 


10-853 


14706.9 


26.0 


2638.15 


15-8. 

15-91 


0.60560 


259 
260 


10.885 


I473M 


2653.96 


0.60819 


10.917 


I4759-0 


*,' 


2669.87 


0.61079 


262 


10.949 


14785.2 


',' 


2685.88 


16 11 


0.61341 


262 


10.982 


1481 1.4 


26^3 


2701.99 


i6;2i 


0.61603 


263 


11.015 


14837-7 


26.3 

26.4 
26.4 
26.S 
a6.6 


2718.20 


16.32 
16.44 
16.55 
16.67 
16-79 


0.61866 


265 
267 
269 
270 
272 


11.048 


14864.0 

14890.4 


273452 

2750.96 


0.62131 
0.62398 


11,081 
11.114 


14916.8 

14943-3 


276751 
2784.18 


0.62667 
0.62937 


11-147 
11-180 


14969.9 


26.7 
26.8 
26.9 


2800.97 


.6.91 

17-03 


0.63209 


273 


11.213 


14996.6 


2817.88 


0.63482 


11-247 


15023.4 


2834.91 


0.63755 


273 

274 


11.281 


•5050-3 


2852.06 


17-15 


0,64029 


11-315 


I5077.3 


27.0 
27.1 


2869.35 


17-29 
17-39 


0.64304 


275 
276 


1 1-349 


15104.4 

15131-5 


27.1 


2886.74 
2904-25 


17-51 

17.62 


0.64580 
0.64858 


278 
280 
282 
283 
285 


11-383 
11.417 


15158-6 


2921.87 




0.65138 


11-451 


15185.8 


27.2 


2939.61 


17-74 

'7-85 
17.97 


0.65420 


11-486 


15213.0 


27.2 
27.2 


2957-46 


0.65703 


ti.521 


15240.2 


27-3 

27-3 
27-3 
27-3 

27.4 


2975-43 


18.0S 


0.65988 


286 


11-556 


15267.5 


2993-51 


18:3° 
18.42 
18.53 


0.66274 


286 
287 
288 
289 


11591 


15294.8 


3011-71 


•.66560 


11.626 


15322.1 


3030.02 


0.66847 


11.661 


15349-4 


3048.44 


0.67135 


11.696 


15376.8 

15404-3 


27-5 


3066.97 
3085-59 


18.62 
18.72 
18.82 
18.91 
19.00 


0.67424 
0.67714 


290 


m:?66 


i543>-8 
154593 


27-5 
27-5 
27.6 
27.6 


3104-31 
312313 


0.68006 
0.68299 


292 
293 


.1.801 
11-836 


15486,9 


3142-04 


0.68593 


294 
294 


11.871 


15514-5 


21 6 


3161.04 


19.10 


0.68887 


295 
297 
298 
300 
302 


11.907 


15542.1 


27.0 

27.6 


3180.14 


0.69182 


11943 


155697 


3199-33 


19.19 


0.69479 


11-979 


15597-4 
15625. 1 


27-7 
27-7 
27.7 


3218.63 

3238.02 


19.30 
1939 
19-50 


0.69777 
0.70077 


12.015 
12.051 
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S, 



Biff, 



770 
769 
768 
767 
766 

765 
764 

763 
762 

761 

760 

759 

758 
757 
756 

755 
754 
753 
752 
751 

750 

749 
748 

747 
746 

745 

744 

743 
442 

741 

740 

739 
738 
737 
736 

735 
734 
733 
732 

731 



5652.8 
5680.6 
5708.4 
5736.2 
5764.1 

5792.1 
5820.1 

5848.1 

5876.1 

5904.1 

5932.2 
5960.4 
5988.6 
6016.8 
6045.1 

6073.4 
6101.7 
6130.1 

6158.5 
6186.0 

6215.5 
6244.0 

6272.6 

6301.2 

6329.9 

6358.6 

6387.3 
6416.1 

6444.9 
64738 

6502.7 

6531.6 
6560.6 
6589.6 
6618.6 

6647.7 
6676.8 
6705.9 

67351 
6764.3 



27.8 
27.8 
27.8 
27.9 
28.0 

28.0 
28.0 
28.0 
28.0 
28.1 

28.2 
28.2 
28.2 
28.3 
28.3 

28.3 
28.4 
28.4 
28.5 
28.5 

28.5 
28.6 
28.6 
28.7 
28.7 

28.7 
28.8 
28.8 
28.9 
28.9 

28.9 
29.0 
29.0 
29.0 
29.1 

29.1 
29.1 
29.2 
29.2 

29.3 



3257.52 

3277.13 
3296.86 

3316.71 
3336.68 

3356.77 
3376.^8 

3397.30 

3417.73 
3438.27 

3458.92 
3479.68 

3500.56 

3521.56 
3542.67 

356390 
3585.26 
3606.74 
3628.34 
3650.06 

3671.90 

3693.85 

371593 

3738.13 
3760.46 

3782.92 
3805.51 
3828.23 

3851.07 
3874.03 

3897.12 

3920.33 
3943.67 
3967.15 
3990.77 

4014.52 
4038.41 
4062.44 
4086.60 
4110.89 



Biff. 



19.61 

19-73 
19.85 

19.97 

20.09 

20.21 
20.32 
20.43 

20.54 
20.65 

20.76 
20.88 
21.00 
21. II 
21.23 

21.36 
21.48 
21.60 
21.72 
21.84 

21.95 
22.08 

22.20 

22.33 

22.46 

22.59 
22.72 
22.84 

22. Q^ 
23.09 

23.21 

23.34 
23.48 

23.62 
2375 

23.89 

24.03 
24.16 

24.29 
24.42 



/• 



0.70379 
0.70682 
0.70986 
0.71290 

0.71595 

O.719OI 
0.72209 
0.72518 
0.72828 

0.73139 

0.73452 
0.73766 

0.74081 

0.74397 
0.74715 

0.75034 

0.75354 
0.75676 

0.75999 
0.76323 

0.76648 

0.76974 
0.77302 

0.77631 

0.77962 

0.78295 
0.78629 
0.78964 
0.79300 
0.79637 

0.79975 
0.80314 

0.80655 

0.80998 

0.81343 

0.81690 
0.82038 
0.82387 
0.82737 
0.83088 



Biff. 



303 

304 

304 

305 
306 

308 

309 
310 

311 

314 

315 
316 

318 

319 

320 
322 

323 

324 
325 

326 
328 

329 
331 
333 

334 
335 
33^ 
337 
338 

339 
341 
343 
345 
347 

348 

349 
350 

351 
35« 



2.087 
2.123 

2.159 

2.195 
2.231 

2.267 

2.304 
2.341 
2.378 

2.415 

2.452 
2.489 

2.526 

2.563 
2.600 

2.637 
2.675 

2.713 

2.751 
2.789 

2.827 
2.865 
2.903 
2.941 
2.979 

3.018 

3.057 
3.096 

3.135 
3-174 

3.213 
3.252 

3.291 
3.330 
3369 

3.409 
3.449 
3.489 
3529 
3.569 



Biff. 



36 
36 
36 
36 
36 

37 
37 
37 
37 
37 

37 
37 
37 
37 
37 

38 

3^ 
38 
38 
38 

38 
38 
38 
38 
39 

39 
39 
39 
39 
39 

39 

39 

39 

39 
40 

40 
40 
40 
40 
40 
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8^ 



730 
729 

728 

727 

726 

725 
724 

723 
722 

721 

720 
719 
718 
717 
716 

715 
714 

713 
712 

711 

710 
709 
708 
707 
706 

705 
704 

703 
702 

701 

700 
699 
698 
697 
696 

695 
694 

693 
692 

691 



6793.6 
6822.9 
6852.3 
6881.7 
6911.1 

6940.6 
6970.1 
6999.7 
7029.3 

7058-9 

7088.5 
7118.2 
7148.0 

7177.8 

7207.7 

7237.6 
7267.5 

7297-5 
7327.5 
7357.6 

7387.7 
7417.8 

7448.0 

7478.3 
7508.6 

7538.9 
7569.2 

7599-6 
7630.0 

7660.5 

7691.0 
7721.6 

7752.3 
7783.0 

7813.7 

7844.4 

7875.1 

7905.9 
7936.8 

7967.8 



Biff. 



29.3 
29.4 

29.4 
29.4 
29.5 

29.5 
29.6 

29.6 

29.6 

29.6 

29.7 
29.8 
29.8 
29.9 
29.9 

29.9 
30.0 
30.0 
30.1 
30.1 

30.1 
30.2 

30.3 
30.3 
30.3 

30.3 
30.4 
30.4 
30.5 
30.5 

30.6 

30.7 
30.7 
30.7 
30.7 

30.7 
30.8 

30.9 
31.0 

31.0 



4135-31 

4159.87 

4184.57 
4209.40 

4234.37 

4259.48 
4284.73 
4310.12 

4335-65 
4361.32 

4387.13 
4413.09 

4439.22 
4465.50 
4491.93 

4518.51 
4545.25 

4572.14 
4599.18 

4526.38 

4653.74 
4681.24 

4708.89 

4736.70 

4764.66 

4792.78 
4821.05 

4849.47 
4878.04 

4906.77 

4935.65 
4964.70 

4993.92 
5023.32 

5052.89 

5082.63 
5112.55 
5142.65 

5172.93 
5203.38 



J)tff. 



24.56 

24.70 
24.83 
24.97 
25.11 

25.25 

25.39 

25.53 
25.67 

25.81 

25.96 
26.13 
26.28 
26.43 
26.58 

26.74 
26.89 

27.04 

27.20 

27.36 

27.50 
27.65 

27.81 

27.96 

28.12 

28.27 
28.42 

28.57 
28.73 

28.88 



29.05 
29.22 
29.40 

29.57 
29.74 

29.92 
30.10 
30.28 

30.45 
30.63 



/• 



0.83440 
0.83794 
0.84150 
0.84508 
0.84867 

0.85228 
0.85590 

0.85953 
0.86327 

0.86683 

0.87050 
0.87419 
0.87790 
0.88162 
0.88546 

0.88922 
0.89299 
0.89677 
0.90057 
0.90439 

0.90813 
0.91199 
0.91586 
0.91974 
0.92364 

0.92756 
0.93150 

0.93545 
0.93941 

0.94339 

0.94739 
0.95 141 

0.95545 
0.95950 

0.96357 

0.96766 
0.97177 

0.97589 
0.98003 

0.98419 



Diff. 



354 
356 
358 

359 
361 

362 

363 

364 
366 

367 

369 
371 
372 

374 
376 

377 
378 
380 
382 

384 

386 

387 
388 

390 
392 

394 
395 
396 

398 
400 

402 

404 
405 
407 
409 

411 
412 
414 
416 
418 



3.609 

3.649 
3.689 

3.729 
3.769 

3.810 

3.851 
3.892 

3.933 
3.974 

4.015 
4.056 

4.098 

4.140 

4.182 

4.224 
4.260 
4.308 

4.350 
4.392 

4.434 

4.477 
4.520 

4.563 
: 4.606 

4.649 
4.692 

4.735 
4.778 
4.821 

4.864 
4.908 

4.952 
4.996 
5.040 

5.084 
5.128 

5.172 

5.217 
5.262 



Diff. 



40 
40 
40 
40 
41 

41 
41 
41 
41 
41 

41 
42 
42 
42 
42 

42 

42 

42 

42 
42 

43 
43 
43 
43 
43 

43 
43 
43 
43 
43 

44 
44 
44 
44 
44 

44 
44 
45 
45 
45 
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TABLE I— Continued. 



■^ ij^ 



S, 



690 
689 
688 
687 
686 

685 
684 
683 
682 
681 

680 
679 
678 
677 
676 

675 

674 

673 
672 

671 

670 
669 
668 
667 
666 

665 
664 
663 
662 
661 

660 

659 
658 

657 
656 

655 

654 

653 
652 

651 



7998.8 
8029.8 
8060.9 
8092.0 
8123. 1 

8154.3 
8185.5 
8216.8 
8248.1 

8279.5 

8310.9 
8342.4 

83739 
8405.5 
8437-1 

8468.8 
8500.5 

8532.2 
8564.0 

8595.9 

8627.8 
8659.7 
8691.7 
8723.7 

8755.8 

8788.0 
8820.2 
8852.4 
8884.6 
8916.9 

89493 
8981.7 

9014.2 

9046.8 

9079.4 

9112.0 

9144.7 

9177.4 
9210.2 

9243.0 



Biff. 



31.0 

31. 1 

31. 1 

31. 1 
31.2 

31.2 

31.3 
31.3 
31.4 
31.4 

31.5 

31.5 
31.6 

31.6 
31-7 

31.7 
31.7 
31.8 

31.9 
31.9 

31.9 
32.0 

32.0 

32.1 

32.2 

32.2 
32.2 
32.2 

32.3- 
32.4 

32.4 

32.5 
32.6 
32.6 
32.6 

32.7 

32.7 
32.8 

32.8 
32.9 



5234.01 
5264.81 

5295.78 
5326.92 

5358.24 

5389.73 

5421.39 
5453-22 
5485-22 

5517-39 

5549-73 
5582.27 

5615.02 

5647.98 

5681.15 

5714.53 
5748.12 

5781.91 

5815.91 
5850.12 

5884.54 
5919.14 
5953-92 
5988.88 
6024.02 

6059.34 
6094.85 

6130.54 
6166.40 

6202.44 

6238.66 
6275.11 
6311.79 
6348.70 

6385.83 

6423.19 
6460.78 
6498.60 
6536.65 

6574.93 



Diff. 



30.80 

30.97 
31.14 
31.32 

31.49 

31.66 
31.83 
32.00 
32.17 

32.34 

32.54 

32.75 
32.96 

33.17 
33.38 

33.59 

33-79 
34.00 

34.21 
34.42 

34.60 
34.78 
34.96 
35.14 
3532 

35.51 
3569 
35-86 
36.04 
36.22 

36.45 
36.68 

36.91 

37-13 
37.36 

37.59 
37-82 

38.05 
38.28 

38.49 



0.98837 
0.99257 
0.99678 

I.OOIOI 

1 ,005 26 

1-00953 

I.OI382 
I.OI8I3 
1.02246 
I.0268I 

I.03II7 

1.03555 
1.03995 
1.04437 

1.04882 

1.05329 

1.05778 

1.06228 
1.06680 

I-07I34 
1.07590 

1.08048 

1.08508 

I.0897I 
1.09436 

1.09903 

1. 10372 
1. 1 0843 
I.II3I6 
I.II79I 

1. 12268 

1. 12747 

1. 13229 

1-13713 

I.I4I99 

1. 14688 

I-I5I79 
1. 15672 

I.I6I67 
1. 16664 



Biff. 



420 
421 

423 
425 
427 

429 
431 
433 
435 
436 

438 
440 
442 

445 
447 

449 
450 
452 
454 
456 

458 
460 

463 
465 
467 

469 

471 

473 
475 
477 

479 
482 

484 
486 

489 

491 

493 

495 

497 
500 



n 



5-307 
5.352 

5-397 
5.442 

5.487 

5-533 

5-579 
5625 

5671 
5-717 

5763 

5.809 

5-856 

5903 
5.950 

5.997 
6.044 

6.091 

6.138 

6.185 

6.232 
6.280 
6.328 

6.376 
6.424 

6.472 
6.520 
6.569 
6.618 
6.667 

6.716 
6.765 
6.814 
6.864 
6.914 

6.964 

7-014 
7.064 
7.114 
7.164 



Biff. 



45 
45 
45 
45 
46 

46 
46 
46 
46 
46 

46 

47 
47 
47 
47 

47 
47 
47 
47 
47 

48 

48 
48 

48 
48 

48 

49 
49 
49 
49 

49 
49 

50 
50 
50 

50 
50 
50 
50 
50 
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TABLE I— Continued. 



S, 



650 
649 
648 
647 
646 

645 
644 

643 
642 

641 

640 

639 
638 

637 
636 

635 
634 

632 
631 

630 
629 
628 
627 
626 

625 
624 
623 
622 
621 

620 
619 
618 
617 
616 

615 
614 

613 

612 

611 



19275.9 
19308.8 
19341.8 

19374.8 
19407.9 

19441.0 
19474.2 
19507.4 

19540.7 
19574.0 

19607.4 
19640.8 
19674.3 
19707.9 

19741.5 

19775.2 
19808.9 
19842.6 
19876.4 
19910.3 

19944.3 
19978.3 

20012.3 

20046.4 

20080.5 

20114.6 
20148.8 
20183. 1 
20217.5 
20252.0 

20286.5 
20321.0 

20355-5 
20390.1 

20424.8 

20459.6 
20494.4 
20529.3 
20564.2 
20599.1 



Dif- 



32.9 
33.0 
33.0 
33.1 
33'^ 

33.2 
33.2 
33-3 
33.3 
33.4 

33.4 
33.5 
33-^ 
33-6 

33.7 

33-7 

33-7 

33.8 

33-9 
34.0 

340 
34.0 
34.1 
34*1 
34.1 

34.2 
34.3 
34-4 
34-5 
34.5 

34,5 

34.5 
34.6 

34.7 
34.8 

34.8 
34.9 
34.9 
34.9 
35-0 



6613.42 
6652.14 
6691.09 
6730.27 
6769.68 

6809.32 
6849.20 
6889.31 
6929.65 
6970.22 

7011.02 
7052.06 

7093.35 

7134.89 
7176.68 

7218.72 
7261.01 



7303.55 
7346.34 
7389.38 

7432.60 

7476.15 
7519.96 

7564.03 
7608.36 

7652.95 
7697.79 

7742.89 

7788.25 

7833.87 

7879.75 
7925.92 

7972.38 
8019.13 
8066.17 

8113.49 
8161.09 
8208.98 

8257.15 
8305.60 



Dif. 



38.72 

38.95 
39- « 8 

3941 
39.64 

39.88 
40.11 

40.34 

40.57 
40.80 

41.04 
41.29 

41.54 

41.79 
42.04 

42.29 

42.54 
42.79 

43-04 
43.22 

43-55 
43-81 

44.07 

44.33 

44.59 

44.84 
45'io 

4536 
45.62 

45.88 

46.17 
46.46 

46.75 
47.04 
47.32 

47.60 

47.89. 
48.17 

48.45 
48.73 



1. 17164 
1. 17666 
1.18170 
1. 18677 
1.19186 

1. 19697 
1.20211 
1.20728 
1. 21247 
1. 21769 

1.22294 
1. 22821 
1.23349 
1.23879 
1. 24411 

1.24945 
1.25482 
1.26022 
1.26566 
1.27113 

1.27663 
1. 28215 
1.28769 
1.29326 
1.29885 

1.30447 
1.31012 

1.31579 
1.32149 

1.32722 

1.33298 

1.33877 
1.34458 
1.35042 
1.35629 

1. 36219 
1.36812 
1.37408 
1.38007 
1.38609 



Dtff. 



502 

504 
507 
509 
51' 

514 

517 

519 
522 

525 

527 
528 

530 
532 
534 

537 
540 

544 
547 

550 

552 

554 

557 

559 
562 

565 
567 

570 

573 
576 

579 
581 
584 
587 
590 

593 
596 

599 
602 

604 



r. 



17.214 
17.265 
17.316 

17.367 
17.418 

17.469 
17.520 

17.572 
17.624 

17.676 

17.728 
17.781 

17.834 
17.887 

17.940 

17.993 
18.046 

18.099 

18.152 

18.205 

18.259 

18.313 
18.367 
18.421 
18.476 

18.531 
18.586 

18.641 

18.696 

18.751 

18.806 
18.862 
18.918 
18.974 
19.030 

19.087 
19.144 
19.201 
19.258 

19-315 



Btff. 



51 
51 

51 
51 
51 

51 
52 
52 
52 
52 

53 

53 
53 
53 
53 

53 
53 
53 
53 

54 

54 
54 
54 
55 
55 

55 
55 

55 
55 
55 

56 
56 
56 
56 

57 

57 
57 
57 
57 
57 
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TABLE I— Continued. 



V 


8v 


6io 


20634.1 


609 


20669.2 


. 608 


20704.3 


607 


207395 


606 


20774.8 


605 


20810.2 


604 


20845.6 


603 


2088 1. 1 


602 


20916.6 


601 


20952.1 


600 


20987.6 


599 


21023.2 


598 


21058.9 


597 


21094.7 


596 


21130.6 


595 


2 1 166.6 


594 


21202.6 


593 


21238.7 


592 


21274.8 


591 


21311.0 


590 


21347.2 


589 


21383.5 


588 


21419.8 


587 


3 1456. 1 


586 


21492.5 


585 


21529.0 


584 


21565.6 


583 


21602.3 


582 


2 1639. 1 


581 


21675.9 


580 


21712.7 


579 


21749.6 


578 


21786.6 


577 


21823.6 


576 


21860.7 


575 


21897.8 


574 


219350 


573 


21972.3 


572 


22009.6 


571 


22047.0 



Diff^ 



351 
351 
35 2 
35.3 
35-4 

35-4 
35-5 
35-5 
35-5 
35.5 

35.6 

35-7 
35.8 

35-9 
36.0 

36.0 
36.1 
36.1 
36.2 
36.2 

36.3 
36.3 
3^-3 
36.4 
36.5 

36.6 

36.7 
36.8 

36.8 

36.8 

36.9 
37.0 
37.0 
37.1 
37.^ 

37.2 

37.3 
37.3 
37.4 
37.5 



8354.33 

8403.33 
8452.63 

8502.24 

8552.16 

8602.39 

8653.93 
8704.78 

8755.94 
8807.40 

8858.17 
8910.39 
8962.90 
9015.70 
9068.79 

9122.17 

9175.84 
9229.80 

9284.05 

9338.60 

9393-44 
9448.72 

9504.36 

9560.35 
9616.70 

.9673.41 
9730.48 

9787.91 

9845.70 

9903.85 

9962.36 
10021.23 
10080.45 
10140.03 
10199.97 

10260.28 
10320.97 
10382.03 
10443.46 
10505.25 



Dif, 



49.00 

4930 
49.61 

49.92 
50.23 

50.54 
50.85 
51.16 

51.46 

5'. 77 

52.22 

52.51 

52.80 

5309 
53.38 

53.67 
53.96 
54.25 
54.55 
54.84 

55.28 

55.64 

55.99 

56.35 
56.71 

57.07 
57.43 
57.79 
58.15 
58.51 

58.87 

59.22 

59.58 

59-94 
60.31 

60.69 
61.06 

61.43 
61.79 

62.17 



/• 



.39213 
.39820 

.40430 

.41043 
.41660 

.42280 

.42903 
.43529 
.44158 
.44790 

.45425 
.46063 

.46705 
.47350 
.47998 

.48649 

.49304 
.49962 

.50623 

.51288 

.51956 
.52628 

.53302 
.53980 
.54662 

.55348 

.56037 

.56729 

.57425 
.58125 

.58828 

.59535 
.60245 

.60959 
.61677 

.62399 
.63124 

.63853 
.64586 

.65323 



Diff. 



607 
610 

613 
617 

620 



623 
626 
629 
632 

635 

638 
642 

645 
648 

651 

655 
658 

661 

665 

66S 

672 

674 
678 

682 

686 

689 
692 
696 

700 

703 

707 
710 

714 
718 

722 

725 
729 
733 
737 
741 



Tr 



19.372 

19.430 
19.488 

19.546 

T 9.604 

19.662 
19.720 
19.779 
19.838 
19.897 

19.956 
20.016 

20.076 

20.136 

20.196 

20.256 
20.316 
20.377 
20.438 
20.499 

20.560 
20.622 
20.684 
20.746 
20.808 

20.870 
20.933 
20.996 
21.059 
21.122 

21.185 
21.249 

21.313 

21.377 
21.442 

21.507 
21.572 
21.637 
21.702 
21.767 



Dif. 



58 

58 
58 
58 
58 

58 
59 
59 
59 
59 

60 
60 
60 
60 
60 

60 
61 
61 
61 
61 

62 
62 
62 
62 
62 

63 
63 
63 
63 
63 

64 
64 
64 
65 
65 

65 
65 
65 
65 
65 
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TABLE I— Continued. 



S. 



570 

569 
568 

567 
566 

565 

564 

563 
562 

561 

560 

559 
558 
557 
556 

555 
554 
553 
552 

55' 

550 
549 
548 
54r 
546 

545 
644 
543 
542 
541 

540 
539 
538 

537 
536 

535 
534 
533 
532 
531 



22084.5 
22122. 1 
22159.7 
22197.4 
22235.2 

22273.0 
22310.9 
22348.8 
22386.8 
22324.9 

22463.1 
22501.4 

22539-7 
22578.0 

22616.4 

22654.9 
22693.4 
22732.0 
22770.7 
22809.5 

22848.4 
22887.4 
22926.4 
22965.5 
23004.6 

23043:8 
23083.1 
23122.4 
23161.8 
23201.3 

23240.9 
23280.5 
23320.2 
23360.0 

233999 

234398 
23479.8 

23519-9 
23560.1 

23600.4 



mff. 



37-6 
37.6 

37-7 
37.8 
37.8 

37.9 

37.9 
38.0 

38.1 
38.2 

38.3 
38^ 

38.3 
38.4 

33-5 

38.5 
38.6 

38.7 
38.8 

38.9 

39.0 
390 
39-1 
39.1 
39.2 

39-3 
39.3 
39-4 

39.5 
39-6 

39.6 
39-7 
39.8 
39-9 
39-9 

40.0 
40.1 
40.2 

40-3 
40.3 



A^ 



10567.42 
10630.03 
10693.06 
10756.48 
J0820.31 



0884.54 
0949.16 
1014.16 

1079.53 
1145.26 

1211.37 

1277.87 

1344.84 
1412.27 

1480.16 

1548.50 
1617.29 

1686.53 

1756.22 

1826.36 

1896.95 
1967.99 
2039.49 
2111.45 
2183.86 

2256.73 
2330.06 

2403.85 
2478.10 

2552.81 

2628.08 

2703-85 
2780.11 

2856.86 

2934.09 

3011.80 
3089.99 
3168.66 
3247.81 

3327-44 



Diff. 



62.61 

63-03 
63.42 

63.83 
64.23 

64.62 
65.00 

65.37 

65-73 
66.11 

66.50 
66.97 

67.43 
67.89 

68.34 

68.79 
69.24 
69.69 
70.14 

70.59 

71.04 

71-50 
71.96 
72.41 
72.87 

73-33 
73.79 
74.25 
74.71 
75-27 

75.77 
76.26 

76.75 
77.23 
77.71 

78.19 
78.67 

79.15 
7963 
80.11 



/• 



Biff. 



1.66064 
1.66809 

1.67558 
1.683 1 1 

1.69068 

1.69828 
1.70592 
1.71361 

1. 72134 
1.72911 

1.73692 

1.74477 
1.75267 

1. 76061 

1.76859 

1. 77661 
1.78468 
1.79279 
1.80095 
1. 80915 

1. 81740 
1.82569 
1.83402 
1.84240 
1.85083 

1.85930 
1.86782 

1.87639 

1.88501 

1.89367 

1.90238 
1.91114 

1.91995 
1.92881 

1.93772 

1.94668 

1.95569 

1.96475 
1.97386 

1.98302 



745 
749 

753 

757 
760 

764 

769 

773 

777 
781 

785 
790 
794 
798 
802 

807 
811 
816 
820 

825 

829 

833 
838 

843 
847 

852 

857 
862 

866 
871 

876 
881 
886 
891 
896 

90 T 
906 
911 
916 
921 



T„ 



Biff. 



21.832 
21.898 
21.964 
22.030 
22.097 

22.164 
22.231 
22.298 
22.366 

22.434 

22.502 
22.570 
22.639 
22.708 
22.777 

22.846 
22.916 
22.986 
23.056 
23.126 

23.196 
23.267 

^3338 
23.409 
23.481 

23.553 
23.625 

23.697 
23.770 
23.843 

13.916 
23.990 
24.064 
24.138 
24.212 

24.287 
24.362 

24.437 
24.512 

24.588 



66 
66 
66 

67 
67 

67 

67 
68 

68 

68 

68 
69 

69 

69 
69 

70 

70 
70 
70 
70 

71 
71 
71 

72 
72 

72 
72 
73 
73 
73 

74^ 
74 
74 
74 
75 

75 
75 
75 
76 
76 
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TABLE I— Continued. 



S. 



530 

529 
528 

527 
526 

525 
524 

523 
522 

521 

520 

519 

518 

517 
516 

515 
514 

513 
512 

511 

510 

509 
508 

507 
506 

505 

504 
603 

502 
500 



23640.7 
23681. 1 

23721.5 
23762.0 

23802.6 

23843-3 
23884.1 

23924.9 

23965.8 

24006.8 

24047.9 
24089.1 

24130-3 
24171.6 

24213.0 

24254.5 
24296.1 

24337.8 

24379.5 
24421.3 

24463.2 
24505.2 
24547.3 

245895 
24631.7 

24674.0 
24716.4 
24758.8 
2480 J. 3 
24843.9 
24886.6 



Dif. 



40.4 
40.4 

405 
40.6 

40.7 

40.8 
40.8 
40.9 
41.0 
41. 1 

41.2 
41.2 

41.3 
41.4 
41.5 

41.6 

41.7 

41.7 
41.8 

41.9 

42.0 
42.1 
42.2 
42.2 

42.3 

42.4 

42.4 

42.5 
42.6 

42.7 

42.8 



Ar, 



13407.55 
13488.15 

13569.27 
13650.94 

13733.18 

13816.02 

13899.47 

13983.54 
14068.24 

14153.61 

14239.66 
14326.21 
14413.28 
14500.87 
14588.98 

14677.62 
14766.76 
14856.42 
14946.60 
15037.30 

15128.52 
15220.26 
15312.63 

15405.65 
15499.32 

15593.75 
15688.98 

15785.06 

15882.04 

15980.01 

16079.03 



Dif. 



80.60 
81.12 
81.67 
82.24 
82.84 

83.45 
84.07 

8470 

85.37 
86.05 

86.55 
87.07 

87.59 
88.11 

88.64 

89.14 
89.66 
90.18 
90.70 
91.22 

91.74 

92.37 
93.02 

93.67 
94.43 

9523 
96.08 

96.98 

97.97 
99.02 

100.08 



/• 



Diff. 



1.99223 
2.00150 
2.01082 
2.02019 
2.02961 

2.03908 
2.04861 
2.05820 
2.06784 
2.07754 

2.08730 
2.097 1 1 
2.10698 
2.11691 
2.12689 

2.13693 
2.14704 
2.15721 
2.16743 
2.17770 

2.18803 
2.19843 
2.20889 
2.21941 
2.23000 

2.24065 
2.25136 
2.26213 
2.27297 
2.28388 
2.29485 



927 
932 

937 
942 

947 

953 
959 
964 
970 
976 

9S1 

987 

993 

998 

1004 

lOII 

1017 
1022 
1027 

1033 

1040 
1 046 
1052 

1059 
1065 

1071 
1077 
1084 
IQ91 
1097 
1 104 



T, 



24.664 
24.740 
24.817 
24.894 
24.971 

25.048 
25.126 
25.204 
25.282 
25.360 

25.439 
25.518 

25.597 
25.677 
25.757 

25.837 
25.918 

25.999 
26.081 

26.163 

26.246 
26.329 
26.412 

26.495 
26.578 

26.662 
26.746 
26.830 
26.915 
27.000 
27.085 



Diff. 



76 
77 
77 
77 
77 

78 
78 
78 
78 
79 

79 

79 
80 

80 

80 

81 
81 

82 
82 

^3 

83 
83 
83 
83 
84 

84 

84 

85 

85 

85 
86 



TABLE II. 

Value of O for Service Guns, U, 8. Na/oy. 



Caliber, d. 


Gun, 


W. 


G. 


G. 


c 

2 


Inches, 


Glass, 


Lbs, 


Log. 


Go-log, 


Log, 


0.815 

0.45 

1.46 


Small arms 

Small arms 

R. F 


0. 03394 

0.0686 

1.1 

3.3 

6.0 

7.0 

33.0 

50.0 

60.0 

100.0 

250.0 

500.0 

850.0 
1100.0 
2000.0 


9. 58409-10 
9. 52990-10 
9. 71268-10 
9.98417-10 
0. 07765 

9. 89086-10 
0. 31439 
0. 30103 
0.38021 
0. 44370 

0. 69176 
0. 69897 
0. 77106 
0. 81350 
0. 89279 


0. 46591 
J). 47010 
0. 28732 
0. 01583 
9.92235-10 

0. 10914 
9.68561-10 
9.69897 10 
9.61979 10 
9.55630-10 

9. 40824 -10 
9.30103 10 
9.22894-10 
9.18650-10 
9.10721-10 


9.23306-10 
9.22887-10 
9.41165—10 


1.85 


R. F 


9. 68314 10 


2.24 


R. F 


9. 77662—10 


3.00 
4.00 


Boat Gun 

R. F 


9.58983-10 
0. 01336 


5.00 


R. F 


0.00000 


5.00 
6.00 


B. L. R 

B. L. R 


0. 07918 
0. 14267 


8.00 


I?. Jit r(-. -_.__-- 


0. 29073 


10.00 
12.00 


B. L.R 

B. L. R 


0. 39794 
0. 47003 


13.00 


B. L. R 


0. 51247 


16.00 


B. L. R 


0. 59176 









61 



^ 



